
The present
invention
relates to
the analysis
of the
fregueney of
interaction
of two or 5
more
nucleotide
sequences in
the nuclear
space.
Changes in
interactions
are used as
a tool to
detect
genome
rearrangemen
ts for
diagnostics
and
prognostics.
BACKGROUND
TO THE
INVENTION is
Studies on
mammalian
nuclear
architecture
aim to
understand
how 2 meters
of DNA is
folded into
a nucleus of
10 pm,
across,
while
allowing
accurate
sits eibilln
of the genes
that specify
the
cell-type,
and bow this
is
faithfully
pmNgated
during each
cell cycle.
Progress in
this field
has largely
come from
microscopy
studies,
which
revealed
that genomes
are
non-randomly
arranged in
the nuclear
space. For
example,
densely 15
parked
hcterochrorn
arin is
separated
from more
open
euchromalin
and
chmmosiornes
occupy
distinct
territories
in the
nuclear
space 7. An
intricate
relationship
exists
between
nuclear
positioning
and
transcriptio
ns'
activity.
Although
trousellliti
on occurs
throughout
the mein"
interior,
active genes
that Ouster
on
chromosomes
prefinential
ly locate at
the edge or
outside of
their
ebrornosome
territory.
Individual
20 genes may
migrate upon
changes in
their
transcriptio
n stains, as
measured
against
relatively
large
nuclear
landmarks
such as
chmmasome
tsnitories,
centromeres
or the
nuclear
periphery.
Moreover,
actively
transcribed
genes tens
of menthases
span on the
chromosome
can
come-togethe
r in the
nucleus, as
.donontitrat
ed recently
by
fluorescence
in situ
hylividizati
on (FISH)
for the
ti-globin
locus and a
few,
selected,
other genes.
Besides
transcriptio
n, geminate
organisation
is
associated
with the
coordination
, of
replication,
recomNnation
and the
probability
of luri to
translocatc
(which can
lend to
malignancies
) and the
setting and
resetting of
epigenetic
programs.
Based on
these
observations
it Ls
thought that
the
architectura
l
organisation
of DNA in
the cell
nucleus is a
key
contributor
to genomic
function.
Difthrent
assays have
been
developed In
allow an
insight thin
the spatial
oreanisation
of gennmic
loci in
vivo. One
assay,
called
RNA-TRAP has
been
developed
(Carter ei
aL (2002)
Nat Genet
32, 623)
which
involves
angering of
horseradish
peroxides
(HRP) to
nascent RNA
transcripts.
followed by
quathitation
of
HRP-cdalysed
biotin 5
deposition
an chrmnatin
nearby.
Ancrther
assay that
has been
developed is
called
chmmasothe
conformation
capture (3C)
technology,
which
provides a
tool to tidy
the
structural
untanisation
of a oceanic
region. 3C
milmolagy
involves
quantitative
MR-analysis
of
cross-linkin
g Is
frequencies
betwmn two
given DNA
restriction
fragments,
which gives
a measure of
their
proximity in
the nuclear
twee (see
Figure I).
Originally
developed to
analyse the
conformation
of
chromosomes
in yeast
(Dekker at
al, 2002),
this
technology
has been
adapted to
investigate
the
relationship
between gtax
expression
and
chromatin
folding at
intricate
mammalian
gene
clusters
(see, for
example.
Tolhuis et
al., 2002;
15 Palstra
at al.,
2003; and
[kiss= at
al., 2004).
Briefly, 3C
Whotthigy
involves in
viva
formaldehyde
cross-linkin
g of cells
and nuclear
digestion of
chromatin
with a
resuietion
enzyme,
followed by
ligation of
DNA
fragraents
that were
cross-linked
into one
complex.
Ligation
products am
then
quantified
by FOR. The
PCR
amplificatio
n step
requires the
knowledge of
the sequence
information
for each of
the DNA 20
fragments
That are to
be
amplified.
Thus, 30
technology
provides a
measure of
_interaction
frequencies
between
selected DNA
fragments.
3C
technology
has been
developed to
identify
interesting
dwell
between
selected
parts of the
gnome and
both
techniques
require the
design of
primers for
all 25
restriction
fragments
analysed.
Recently,
new
strategies
have been
developed
that allow
screening
the entire
genome in an
unbiased
manner fox
DNA segments
that
physically
interact
with a DNA
fragment of
choice. They
are based on
3C
technology
and are
culledively
refereed to
as `40
aschnologte.
4C
technology
allows the
screening of
the entire
costume in
all unbiased
manner for
DNA segments
that 



in
physically
interact
with aDNA
fragment of
choice. 40
technology
depends on
the
selective
ligation of
cmsslinkal
Div A
fragments to
a
restriction
fragment of
choice (the
'bail). In
4C
technology,
all the DNA
liagments
captured by
the bait in
the
population
of cells are
simultaneous
ly amplified
via inverse
PCR, uMmg
two
baitspecitic
primers that
amplify from
circularized
ligation
products.
Essentially
two
strategies
can be
pursued to
obtain these
DNA circles.
One strategy
relies on
she
formation of
circles
during the
standard 3C
ligation
step, Le.
while the
DNA is still
cross-linked
(Zhao et al.
(2006) gat
Genet 38,
1341-7).
Here, circle
formation
requires
both ends of
the bait
fragment to
be ligated
to both ends
of a
reprinted
restriction
fragment. If
multiple
restriction
fragments
are
cross-linked
together,
circles may
stall be
formed brit
they can
contain more
Then one
captured 10
fragment and
will
therefore be
larger.
After
sic-cross
linking,
captmed DNA
fragments
arc directly
anglified by
inverse PER,
using
halt-specifi
c primers
facing
outwards.
Restriction
enzymes
recognizing
fuer or six
basepairs
can be used
in this set
up.
Four-cutters
am preferred
in this
method
though,
since they
produce
smaller
restriction
fragments
(average
size 256 bp,
versus -4 kb
for
six-cutters)
and linear
OCR 15
amplificatio
n of the
captued DNA
fragments
requires
that the
avenge
product size
is small.
Essentially,
this method
thereferre
comprises
the steps of
(a)
providing a
sample of
cross-linked
DNA; (b)
digesting
the
cress-linked
DNA with a
primary
reshiction
enzyme -
such as a
4bp or a 5bp
cutter; (c)
ligatims the
crest-tinted
nucleotide
sequences;
(d)
reversing
the Cris
linking and
(e)
amplifying
the one or
2i mare
nucleotide
sequences of
interest
rising at
Nast two
eligoauclemi
de primers,
wherein each
primer
hybridises
to the DNA
sequences
that flank
the
nucleotide
sequences of
interest The
amplified
sequmme(s)
can be
hybridised
to an array
in order to
assist in
determining
the
frequency of
interactionb
etweenDas
DNA
sequences.
25 The
second
strategy
advantageous
ly relies on
the
forcomiml of
DNA circles
after the
chromatin
has been
de-cross-lin
ked as is
described
herein and
in our
co-pending
application
W02007100405
7. As
degaibed
therein, 4C
technology
allows an
unbiased
genome-wide
search for
DNA
fragments
that
interact
mdth a locus
of choice.
Oddly, 3C
analysis is
performed as
usual, but
omitting the
OCR step.
The 3C
template 35
contains a
target
sequence or
'bah' (e.g.
a
restriction
fragment of
choice that
encompasses
a selected
gene)
ligated to
many
different
nucleotide
sequences of
interest
(representin
g this
gene's
generale
environment)
. The
template is
cleaved by  



another,
secondary.
restdction
enzyme and
subsequently
refigured to
form small
DNA
circles..
Advantageous
ly, the one
or more
nucleotide
sequoia-es
of interest
that are
Ranted to
the target
nucleotide
sequence are
amplified
using at
least two
oligonucleut
idc players,
wherein at
least one
printer
hybridises
to the
target
sequence. 5
The sword
primer
preferably
also
hybridises
to the
target
sequence,
such that
both primers
flank The
nucleotide
of fattiest
Alternativel
y, the
second
primer
hybridism to
an adapter
sequence
that is
LigaNd to
the
secondary
nestriclitm
site, such
that The two
primers
flank the
nucleotide
of interest
Typically,
this yields
a pattern of
PCR
fragments
that is
highly
reproducible
between
independent
canplificati
on reactions
and to
specific for
a given
tissue.
Flind111 and
()pill may
be used as
primary and
secondary
restriction
enzymes.
Next, the
amplified
fragments
may be
labeled and
optionally
hybridised
to an array,
typically
against a
control
sample
containing
cretonne DNA
digested
with The
same
combination
of
restriction
enzymes. 3C
technology
has
therefore
been
modified
such that
all
nucleotide
sequences of
interest
that
interact
with re a
target
nucleotide
sequence arc
amplified.
Practically
this means
that instead
of
performing
amplificatio
n reaction
with primers
that are
specific for
the
fragments
that one
wishes as
analyse. an
ZiElaphard60
11 is
performed
using
oligonucleod
ie primer(s)
which
hybridise to
a DNA
sequence
that flanks
the
nucleotide
soden:us of
interest.
Advantageous
ly, 4C is
not biased
towards the
design of
PCR primers
that are 20
included in
the PCR
amplificatim
i step and
CM therefore
he used to
search the
complete
gcnome for
interacting
DNA
elements.
There is an
important
need for
high-through
put
technology
that can
systematical
ly screen
the whole
penalise in
an tmbiased
manner for
DNA Loci
that contact
each other
25 in the
nuclear
span.
Moreover,
there is a
need for
improvements
in such
techoologies
whkh permit
the
simultaneous
analysis of
multiple
interactions
occurring
with
multiple
sequences in
the genome,
and for
analysing
the genomc
for
insertions,
deletions,
tranclocalio
ns. is
inversions
and
rearraclumen
ts which
take phshe
at unknown
locations
and itch may
in
associated
nit a
disease.
The mama
invention
seeks to
provide
improvements
in 3C nod 4C
maimolegv
and
techniques
mimed
thereto.
.5LARY 3t3
technology
as currently
implied only
allows
unnalysis of
n limited
number of
selutted
DNA-DNA
interactions
owing to
thelimitatio
ns of the
PC-R
annadilicati
en stun,
which
requires
knowledge of
specific
sequence
information
for each
frank-at to
in analysed.
Moreover,
saluting
restriction
fragments as
candidates
for
long-range
It DNA
interactions
recruit-es a
substantial
amount of
prior
knowledge
(e.g. the
location of
hypersensiti
ve sites) of
the locus of
interest,
which is
usually not
available
Given the
functionrd
relevance of
many
long-range
DNA-ONA
intuactions
described so
far, the
ability to
randomly
scrum for
DNA elements
that loop
tot sequence
of interest
- such as a
gene
promoter,
ulna-nen
insulator,
silencer,
origin of
replication
or AS
MAJUSAR - or
t mmomk
region of
interest -
such as a
gene-denm or
gatemoor
region or
repetitive
element -
LEM greatly
facilitate
the mapping
of sequences
involved in
a regulatory
network 



The present
disclosure
relates to
4C
technology
(it. capture
and
characterise
ca- n
localised
cluonntin)
and
improvements
therein,
which
provides for
the
Inn-throughp
ut analysis
of the
frequency of
;Musician of
two or mow
nucleotide
sequences in
the nuclear
space. 4C
technology
can he used
to id-unify
loog-nmme
DNA-DNA
interactions
Mg study
chromosome
folding) but
also to
identify
balanced and
unbalanced
genomic
reatrannents
such us
translocatio
ns, Moutons,
deletions,
25
amplificatio
ns, etc'
that may
underlie a
trait or
disease in
human
subjents.
Routinely,
4C
technology
involves the
use of
nficrowdy,
to analyse
the DNA
fragments
capturial by
a single
selected
target &qua&
('bait')
(Stroonis
lvi til.
Nature
Generics
2005).
Microausgts
have Me
disadvantage
that they
offer a
limited
dynamic 30
range shwa
probes
present on
the arrays
coo be
saturated,
which makes
a
quantitative
analysis of
simnel
intensities
mom
difficult
High-duoughp
ut
sequencing
eireurnvens
Ilds problem
an it caws
an unlimited
dynamic
range. It is
also
quantitative
since it
provides
absolute
smithery of
sequer2es.
In addition,
it is
preferred to
analyse DNA
interactions
with
multiple
target
segos:nen 5
simultauouus
ly. INF
Isaac for
all 4C-based
applications
and in
particular
for the 4C
honed
analysis of
generale
rearrangemen
ts) 4C
technology
may be used
as a
diagnostic
toe' to
allow the
scanning of
the entire
gnaws) in an
unbiased
manner fur
the presence
of gnomic
rearrangemen
ts. A swigs
of target
sequenms
along, intl.
chasm:m.0:m
Mat together
capture all.
sequences
(it.
rim-Motion
fragments)
may he It
used.
Subsequently
, in idol to
identify Me
genomic
rearrangemen
t, the
sequence
that was
captured by
hi Ii 'bat'
- -dentin d.
Captured
franeals can
be seminal
for each
target
sequence
('hair)
separately-.
Preferably
though, all
liglitiOr
products
formed ME
all target
sequences
are analysed
15
simultaneous
ly. Far
this, each
read needs
to be
directed to
the ligation
junction mid
provide
sulignient
sequence
information
to
unambiguousl
y identify
both IN
target
70141.711C7
and the
captunad
sixpence. 



SUMMARY
ASPFCTS OF
TIT FFEVNT
INVENTION St
Aspects of
the present
invent..
011,
presmted in
the
amompanying
Disclosed is
a method for
analysing
the
frequency of
interaction
oft target
nucleotide
sequence
with mac or
more
nucleotide
sequences of
interest
(eg. 25 one
or more
genomic
loci)
nomprising
the steps at
(a)
providing a
sample of
moss-linked
DNA; (b)
digesting
the
cress-linked
DNA with a
primary
rmtriction
enzyme; (c)
Hgating the
moss-linked
nucleotide
sequences;
(d)
reversing
the moss
linking; (e)
optionally
digesting
the
nucleotide
smvences
writhe
sonmilmy
restriction
entinanti,
(f)
optionally
ligating one
or mom DNA
sequences of
known
nucleotide
eumpusidun
to 70 the
available
secondary
restriction
enzyme
digestion
site(s) that
flank the
sneer more
nucleotide
sequences of
intent: (z)
amplifying
the one or
more
ruacleodde
sequences of
interest
using at
least ran
oligonucleot
ids primers,
wherein mon
primer
hybridises
tu the DNA
sequences
that flat*
the
nucleotide
sequences of
interest;
(b)
hybridising
the
amplified
sequenest)
to an array;
said (i)
determining
Me frequency
of
interaction
between the
DNA
sequences In
a first
aspwt, there
is prcwided
a method for
analysing
the
frequency of
interaction
of manor
more target
nucleotide
sequences
with one or
mom
nucleotide
mom:aces of
interest
reg. one Or
more genomic
loci)
comprising
the steps of
( at
providhm a
sample of
cross-linked
DNA; (b)
digesting
the
crws-linkeid
DNA with a
minim)
reotrietjon
enzyrne (c)
iigating the
cross-linked
nucleotide
sequences;
(4)
reversing
the cross
tinting; (a)
optionally
digesting
the
nucleotide
sequences
with
seconding
restriction
enzyme; 



(f)
optionally
quilling one
or more DNA
sequences of
known
nucleotide
composition
to the
available
uscoadaug
restriction
enzyme
(lige:SC[011
Mors) that
flank the
one or more
nucleotide
sequences of
interest
(fit
amplifying
the one or
mow
nucleotide
sequences of
interest
using at
terse
oligonucless
ide primers
wherein each
prima-
hybridises
to the DNA
sequences
the; flank
the
nucleotide
sequenws of
interest
ming
multiples_
PCPs  (h)
hybridising
the
amplified
sequence(s)
to an aray
and
analyzing
the ligation
products
between
target
sequences
and
cross-linked
sequences of
infewsi by
means of
sequencing
fey
high-thmughp
ut
sequencing);
and  (i)
determining
the
frequency of
Mu:ruction
between the
DNA seLS
Also
disclosed is
a method for
analysing
the
frequency of
inimaction
of a target
nucleotide
sequence
with one or
more
nucleotide
sequences
leg UM Or
more genomic
loci)
comPrising
the steps
oft
ProL4)Thill
r sample
offimss;
helical DNA;
(lli
digesting
The
cross-linked
DNA meth s
primary
rethichon
enzyme; (c)
Patting the
cross-Linked
nucleodde
sequences;
(.1)
reversing
the moss
Lithium (e)
optionally
digesting
the
nucleotide
soquences
with e
seconder);
restriction
enzyme;
cimothising
the
nucleotide
sequences;
(g)
amplifying
the one or
MOW
nucleotide
smutinciaSth
at are
ligated to
liar target
nucleotide
sequence;
(h)
uptionarry
hybridisthg
the
amplified
segue], to
at tray or
analysing
the imphlied
sepia/cgs by
his-throughp
ut
seqummine;
and (i)
determining
the
frequency of
thtmartion
between the
DNA
sag/domes.
In a emend
aspectthere
is provided
a method for
identitins
one or more
DNA-DNA
interactions
that are
indiattive
of a
particular
thwase state
comprising
the stem of
performing
steps
(a)-(t) of
the method
aeconling Le
the first
aspect
wherein it
step (a) a
sample of
grow-linked
DNA is
provided
from a
diseased and
anon-disease
d cell, old
wherein a
differ-ace
betwixt] the
frequency of
interaction
lietwali the
DNA
sequences
frorn the
dimafixi and
non-diseased
mills
indicates a
difference
in the bums
orgamisation
of the
chromosome
tcmplarns
leg. a Rank
rearrangemen
t) which is
indimtive of
a particular
/rail or
disease
state. In a
third aspect
there is
provided a
method
ofdiaaptosis
orprotrotis
of a disease
or syndrome
coaxed by or
associated
with a
change in a
DNA-DNA
-interaction
comprising
the step of
Fefonniug
steps
(a)-(i) of
the method
according to
the first
aspect,
wherein step
(a)
comprises
providing a
sample of
moss-linked
DNA from a
subject; and
wherein step
(0 comprises
tampering
the
frequency of
interaction
better= the
DNA sequmces
with that of
an
unaffected
control;
wherein a
dillhance
be/weep/the
value
obtained
from the
control and
the value
obtained
(min the
subject is
indicadve
that the
subject is
suffering
from the
disease
ordrome 07
is indintive
that the
subject will
suffer from
tb.e dirias
orgy &romp
let s font
:nag there
is provided
a ',rind
according to
any one D7
the first to
third
agtects for
the deaction
of a
balanced
and/or
unbalanced
rearrangemen
t
transits:ado
:a
inversion,
deletion,
duplication
or insertion
Disclosed is
a method of
diagnosis or
prognosis ti
a daseana or
syndrome
caused by or
associated
with a
change in a
DNA-DNA
hinatition
comprising
the step oft
performing
gaps (n)N)
of the
method
according to
the first
aspect,
wherein step
(a,
comprises
providing a
sample of
cross-linked
DNA from a
subject and
wherein said
method
comprises
the
additional
step on (j)
idertifying
one or more
loci that
have
ow:Laurie a
griumic
natingement
that is
risotiated
rith a
dismay
Disclosed is
an assay
method Mr
identifying
one or more
agents 



that
modulate a
DNA-DNA
interaction
comprisinj
the rips of:
(a)
contacting a
sample with
one or more
agents; and
(-1-9
p,ionning
steps (a) to
(i) of the
method
according to
the Est
aspect,
winch, step
(a) comedies
providing
moss-linked
DNA from the
sample;
Magnin a
differ-rice
between (i)
the trapency
of
interaction
between the
DNA
sequences in
the prom= of
the agent
and ffri the
fresnamtat
of
interaction
between the
DNA saltinem
in the
absence of
the agent is
indicative
of an agent
that
modulates
the DNA-DNA
interaction.
Disclosed is
a method for
detecting
the location
Ma balanced
and/or
unbalanced
=anent (eg.
a
translocatic
h)
.00.06.1ag
the step of;
(a)
performing
steps (a) to
(i) of the
method
according to
the first
aspen; and
(b)
comparing
the
insistency
of
interaction
between the
DNA
sequences
with tin or
y control;
Wherein n
transition
from low to
high DNA-DNA
interaction
frequency in
the sample
as compared
to the
control is
indicative
oft location
of n
breakpoint_
Disclosed is
a method for
detecting
lac location
of g
balanced
marir
unbalancri
inversion
comprising
the steps od
(a)
performing
steps (a) to
CD of the
method
ac.cording
to the first
aspect; and
ft)
cornering
the
frequency of
interaction
henna the
DNA sequenda
with 'ilia
nf a
control;
wherein an
Pawned
pathan of
DNA-DNA
interaction
frequencies
for the
sample as
competed to
the central
is Wheaten
of an
inversion I
Ascii:sod is
a method for
detecting
the location
of a
deletion
OelPhing the
steles Of,
(e)
PerfOrreing
Mereto Cl)
of the
method
according so
the that
aspect; and
0:9
comparing
the
frequency of
interulion
between the
DNA
sequences
with that of
a control;
wherein a
redaction in
the DNA-DNA
interaction
frequency
for the
sample as
compared to
the control
is
indicative
of deletion
toDiwiosed
is a method
for
dowelling
the location
of a
duplication
comprising
the steps
of: (a)
perfoming
steps (a) to
(i) of the
method
according In
the first
aspect: and
(b)
comparing
the
frequency of
interaction
itutweem the
DNA
sequences
with that of
a cooing;
wherein an
increase or
a decrease
in DNA-DNA
interaction
frequency
for the
subject
sample as
competed to
the control
is
indicative
of Sia
duplication
or insertion
Disclosed W
an agent
obtained or
obtainable
by th method
described
herein. 



Disclosed is
a method fie
annlysing
the
frequency of
inueractimi
of one or
more target
nucleotide
scquenem
with one or
mole
nucleotide
sequences of
interest
(eig. one or
more gwomic
loci)
comprising
the steps
of: (a)
providing rt
sample of
cross-linked
DNA: (b)
digesting
the
cross-lirdex
t DNA with a
granary
satiation
mrstmed (o)
ligating the
onus-linked
nucleotide
scquurces;
(d) Pa
reversing
the cross
linking
andsmnencing
the ligatie
nucleotide
sequences.
Disclosed is
a method fee
detennining
the presence
de guromic
rurangement
in a sample
comprisinrg
the steps
of: (a)
providing a
sample of
nucleic.
acid (Wi
gemomic
DNA),
wherein said
nucleic said
comprises a
nucleotide
30 sequenoe
of known
sequence
adjacent to
the location
of the
suspected
genornic
rearrangemen
t; (b)
digestinc
the DNA with
a primary
restriction
enzyme to
Rom a
phataity
ore:strict/o
p fragments;
(c)
optionally,
purifying
the
restriction
fragments;
(d)  WO
21108145440:
PCT/D3200000
0625
limiting the
mstridion
fragments to
fens
circularised
DNA; (e)
optionally,
unifying the
circularised
DNA; (I)
digesting
the
eirculmised
DNk with a
secondary
restriction
enzyme to
form t
plurality of
restriction
fragments;
(g) limiting
the
restriction
fragments to
form
circularised
DNA; (h)
amplifying
the
suspected
genomie
reamneemem
using one or
more mimeses
that
hybridise to
the
nucleotide
sequence of
Jointer
sequence;
end (i)
sequencing
the
suspected
genomie
rearrangemen
t Disclosed
is a
database of
nucleic acid
sequences of
abut.
6-.50
basepairs
that
directly
flask, and
optionally
include, the
primary
restriction
so enzyme
recognition
site or the
secondary
restriction
mayme
recognition
Me of each
target
sequence.
Disclosed is
a database
of nucleic
acid
sequences of
about 12- 50
base/win
that
directly
flank all
relevant
primary and
secondary
restriction
recognition
sites in Lim
genome. 



Disclosed is
the use of
the database
of nucleic
acid
sequences
fur
determining
the gamine
position of
each of the
captured
sequences
identified,
20Disclosed
is a method
or sal agent
or it
Wrihase Pr a
use
substantedly
as desedbed
herein and
with
reference Pc
any of the
Examples or
figures.
EMBa OF THE
ENNENMON
25Suitably,
the ligation
reaction in
step (e) or
(f) results
in the
formation of
DNA circles.
Suitably,
step (h)
Dmnprises
the anabibs
of ligation
products
bennum
target
sequences
and
cross-linked
sequences of
interest by
meant of
311neereing
(e8-
lagbdismagbl
ee
sesimacing).
30
Suitably,
the method
is tbr
analysing
the
frequency of
interaction
of two or
more target
nucleotide
sequences
with one or
more
nucleotide
sequenews of
interest,
comprising
the use of
multiplex
PCR in step
(g).
Suitably,
the method
is for
analysing
the
frequency of
interaction
of two or
more target
nucleotide
sequences
with one or
more
ruieleotide
segue-aces
of internal
comprising
the poolino
of some or
all of the
PCR products
obtain/xi
for each of
the target
sequences in
step (g) and
subsequent
simultaneous
analysis of
their DNA
interactions
. 10
Suitably,
two or more
amplified
sequences
are
differential
ly labelled
prior to
Pooling and
analysis hy
hybridisatio
n In an
array.
Suitably.
two on more
amplified
sequences
are
identically
labelled and
analysed by
hybridisatio
n to an
array when
the
sequences
reside on
different
C12101110802
15e5. 15
Suitably,
rwo or more
amplified
sequences
arc
identically
labelled
when the
sequences
reside on
the same
chromosome
at a
distance
that is far
enough for
minimal
overlap
between
DNA-DNA
interaction
signals. 20
Suirably,
high
throughput
sequencing
is used to
analyse the
ligation
junctions
formed
between
target
sequoia:vs
and eaptural
sequenoes of
interest. 



Suitably-,
sequencing
is directed
to the
ligation
junctions
formed
between
target
sequences
and captured
sequares of
interest by
the addition
of adapter
sequences 25
required for
sequencing
to the weds
of the
amplified
sequences.
Suitably,
sequencing
is directed
to the
Rattan
Pmetions
formed
between
target
sequences
and captured
sequences of
interest by
the addition
of miss
complete, or
part of the,
adapter
sequences
requited for
sxywneina AS
3' overhangs
to the 30
oligonucleot
ide primers
used to
amplify The
one or more
nucleotide
sequences of
interest
Suitably,
sequencing
is directed
to the
ligation
junctions
formed
between
target
sequences
and captured
sequences of
interest by
the
conjugation
of a biotin
substune or
other moiety
to the
oligonucleot
ide primers
-used to
amplify the
one or more
micleolide
sequences of
interest,
followed by
streplavidin
or otherwise
mediated 5
purification
of the PCR
amplified
material.
Suitably.
sequencing
is directed
to the
ligation
junctions
betwven
target
sequences
and captured
sequences of
interest by
designing
the
ofigonnelerd
ide lobncra
used to =pH&
the one or
more
nucleotide
sequences of
interest
within 400,
300, 200,
150, 10NO,
90, 80
70,00, 50,
40, 30, 20,
10, 9, 8, 7,
6. 5, 4, 3,
2, 1
nucleotides
from the
primary
and/or
secondary
restriction
enzyme
recognition
site(s)
catalysed.
Suitably,
sequencing
is directed
to the
ligation
junctions
between
targm
sequences
and captured
sequencer of
interest by
designing
the
oligonuclerd
ide primers
used to 15
amplify the
nun or more
nucleotide
sequences of
interest
such that
they
partially or
completely
overlap with
the minors
aodfor
secondary
restriction
enzyme
recognition
site
analysed. 



Suitably,
sequences
are read
across the
ligation
junction
such that
when
multiplexed
or 20 pooled
PCR samples
are
analysed,
sufficient
sequence
information
(eg. 12
nueleuticles
or inured is
obtained on
either side
of the
ligation
junction to
unambiguousl
y identify
each target
sequence and
each
Captured
sequence of
interest.
Suitably,
the target
nucleotide
sequence is
selected
Erma the
ginuup
consisting
of a 25
pomade
rearrangemen
t, promoter,
on
radiances, a
silencer, cm
insulator, a
matrix
attachment
region, a
locus
control
region, a
transcriptio
n unit, an
origin of
replication,
a
recombinatio
n botspot, a
trandocalion
breakpoint,
a
centromere,
a telomere,
a gene'
dense
region, a
gene-poor
region, a
repetitive
element and
a (vied)
integration
site. Si
Suitably,
the target
nucleotide
sequence is
a nucleotide
sequence
that is
associated
with or
causes a
disease, or
is located
up to or
greater than
15Mb on a
linear DMA
template nom
a locus that
is
associated
with or
causes a
die-1m
Suitably,
the target
nucleotide
sequence is
selected
from The
group
consisting
of: AMLI,
MU, WC, BOL,
RCA AHL1,
1611, LILA,
TALI, TALL
LMO2, TCR/1
and HOX or
other loci
associated
with distme
as described
in
"Catalogue
of 5
Unbalanced
Chromosome
Aberrations
in Man" 2nd
edition.
Albert
Schinael.
Berlin:
Wetter de
Gmyter,
2001. ISBN
3-11-011607-
3. Suitably,
the target
sequnmes an
distributed
along the
linear =mem
template
such that
the
=tainting
sequences
cover an
entire
chromosome
or the
?worm.
Suitably,
the primary
restriction
enzyme is a
restriction
enzyme that
recognises a
6-8 bp
recognition
site.
Suitably,
the primary
restriction
enzyme is
selectial
hum the
group
consisting
of Bgttil,
rfradit
EcR1, Bourn,
Sped, Pall
Lad Hula
Suitably,
the primary
restriction
enzyme is
selected
hasm, or
under
representati
on in
repetitive
sequences.
20 Suitably,
the
secondary
nittriction
enzyme is a
restriction
enzym that
recognises a
4 or 5 bp
imelootide
sequence
recognition
site.
Svitably,
the
secondary
restriction
enzyme
recognition
site is
located at
greater than
about 350bp
from the
primmy
restriction
site in the
target
nucleotide
sequence. 



25 Suitably,
a transition
from low to
high
interaction
frequencies
is
indicative
of the
Mcetion !if
a balanced
andior
=balanced
genetic
manangement
Suitably, an
=versed
pattern of
DNA-DNA
interaction
frequencies
fm the
subject
SOsample as
compared to
the cso,,su
I is
indicative
of an
balanced
nod/or
unbalanced
inversion
Suitably, a
reduction in
the DNA-DNA
interaction
frequency
for the
subject
sample as
compared to
the unstrol,
in
combination
with an
increase in
DNA-DNA
interaction
frequoicy
for more
distant
regions, is
indicative
of a
balanced
and/or
unbalancedde
letion. s
Suitably, an
increase or
a decrease
in DNA-DNA
interaction
frequency
for the
subject
sample as
compared to
the control
is
indicative
of a
balanced
and/or
unbalanced
duplication
a-
insertion.
le Suitably,
spectral
harts typing
and/or FISH
is used
priorog said
method.
SuhaNy the
&cease is a
genetic
disease.
Suitably,
the disease
is cancer.
15 Suitably,
nucleotide
sequences
hucencting
with two or
more target
sequences
arc
amplified.
Suitably,
the target
sequences
are
positioned
at or near
genomk loci
known to be
20associated
with a
diseased
state. 



Suitably,
the target
sequences
arc selected
without
prior
knowledge on
the location
of a
rearrangemen
t and are
spaced such
that the
interacting
sequences
cover an
entire
chromosome
or the
genome, and
adierein the
identified
interacting
setaumms
allow 75
reconstmetin
g linear
chromosome
maps and
gene:milt
camangcments
that
occurred
within and
between
chromosomes.
Suitably,
the
amplified
sequences
are
labelled.
Suitably,
the
tmmlified
sequences
are
tlillematial
ly labelled
awarding to
their in the
genome,
Suitably,
the method
is for the
detection of
a balanced
and/or
unbalanced
retammgement
.
trauslocrati
on,
inversion,
deletion,
duplication
or
insertion.
Suitably the
array
hybridisatio
n step is
replaced lab
a sequencing
step.
Suitably,
both the
bagel
nucleotide
sequence and
the
nucleotide
sequence of
interest arc
identified
by
sequencing.
Suitably,
adapter
sequences
are tigated
to the PCB
product,. to
Suitably,
sequences
interacting
with two or
more target
sequences
sue
amplified
each in
separate PCP
reactions.
Suitably,
sequences
interacting
with two or
more target
sequences
are
amplified
each us in
separate PCP
reactions
sod
subsequently
ponied for
simultaneous
intalyain
Suitably,
sequences
interacting
with two or
more target
sequences
are
amplified by
multiplex
Pelt.
ADVANTAGES 



The present
ins motion
b.as a
number of
advantages.
These
advantages
still be
apparent in
the
following
description.
25 By way of
example, 4C
technology
can be
multiplexed,
sock that
interactions
with two or
more target
sequences
cam be
analyned in
a single
experiment
for example
on a single
array.  By
way of
further
example,
high-through
put
sequencing
can be used
in place of
mieroarrays
to analyse
the captured
DNA
fragments.
The
mulliplexing
and
sequencing
improvements
may oven Ix
combined.
5lay way nf
fiather
example,
instead of
multiplexing
, sequences
of interest
captured by
different
target
sequences
can be
amplified
for each
target
sequence
separately
and then
subsequently
pooled to be
analyzed
simultaneous
ly on a
mitroarray.
By way of
further
example,
instead of
multiplexing
, sequences
of interest
captured by
ia different
target
sequences
can be
amplified
separately
for each
target
sequentm and
subsequently
peeled to be
analyzed
simultaneous
ly by high
throughput
sequencing-
By way of
example, the
present
invention it
advamagnms
since it
provides
inter alia
cranmerciall
y useful
nucleotides
sequences,
processes,
probes and
arrays. la
By way of
further
example. the
present
invention is
advantagmus
since it
provides for
the high
thrnughput
analysis of
the
frequency of
interaction
of rim or
more
nucleotide
sequences in
the nuclear
space. 20 By
way of
further
example, the
present
invention is
advantageous
since using
conventional
IC
technology;
each single
DNA-DNA
interaction
must be
analysed by
a unique PCR
reaction
containing a
unique pair
of prh-ners.
High-through
put analysis
is therefore
only
possible if
PCP is
automated,
butte costs
of so many
primers will
be too high.
Accordingly,
high-through
put
(genome-wide
) analysis
of DNA-DNA
interactions
is not
viable with
conventional
3C
technology.
In contrast,
the present
invention
now allows
the
simultaneous
screening of
thousands of
DNA-DNA
interactions
.
High-through
pet analysis
of DNA-DNA
interactions
according to
the present
invention
will greatly
increase the
scale and
anelutioa of
analysis. 30
By may of
farther
example, the
unseat
inveunion is
advantageous
since using
conventional
3C
technology,
the semen is
biased
towards
those DNA
sequences
for which
oligonuclema
idc primers
were
designed,
ordered and
included in
the
analysis.
The choice
of such
oligonuclead
de primers
is typically
based on
knowledge
concerning
the position
of, for
example,
(distant)
enhancers
anchor ether
regulatory
eleandatsalt
ypersensitiv
e sites that
it is
believed
will
cross-link
with the
nueleagide
sequence
that is
being
investigated
. lists,
conventional
3C is biased
towards the
s design of
PCR primers
that are
included in
the PCR
amplificatio
n step,
whereas 4C
is unbiased
and can be
used to
search the
complete
genome for
interacting
DNA
elements.
This is
because
amplificatio
n of
cross-linked
sequences
in.4C is me
based on the
predicted
knowledge of
sequences
that
cross-link
with the
nucleotide
sequence
being
investigated
. Rather, in
one
embodiment
of 4C,
sequences
that cross
link to the
10 first
(target)
nucleotide
sequence can
be amplitied
using PCR
primers that
14 bridist
to that
nucleotide
sequence.
Thus, the
pmeent
invention
allows an
unbitzsal
stemma:-
wide admen
for DNA-DNA
kuractions. 



By way of
further
example, the
present
invention is
advantageous
because
using 15
conventional
3C
technology
only allows
the
selective
amplificatio
n of a
single
DNA-DNA
interaction.
. This is
not
informative
when
hybridised
to an array.
The
technology
has been
improved
such that
all
fi-agnithris
that intmact
with a first
(target)
nucleotide
sequence are
now
amplified
cti.
selectively
amplified.
By way of
further
example, the
present
invention is
advantageous
because 4C
technology
can be sated
to detect
balanced or
unbalauted
genetic
aberrations
- such as
all types of
trwrilticati
ons,
deletions,
inversions,
duplications
and other
gentunie
rearrangemen
ts - in
nucleic
acid, for
example,
ehmmosomes.
4C
technology
(winch
measures
proximity of
DNA
fragments)
can even
determine a
sublimes
predispositi
on 75 to
acquire
certain
transthoilio
ns,
deletions,
inversions,
duplications
and other
genomk
rearrangemen
ts (eg.
balanced or
uthalanced
trthslocatio
ns,
deletions,
inversions,
duplications
and other
genomic
rearrangemen
ts). An
ativentage
over current
strategies
is that it
is not
requiredto
know the
exact
position of
the change
because the
resolution
of 4C
technology
is such that
it ear he
used to
detect
rearrangemen
ts even when
the in
NC-bait' (as
defined by
the primary
and
secondary
restriction
engyme
recognition
sites that
ate
analysed) is
located away
(eg. up to
one megththe
or even
more) from
the change.
Another
advantage
over current
strategies
is that it
allows for n



sirmdtaneous
, unbiased
genume-wide
search for
both
balanced and
unbalanced
genmnie
rearrangemen
ts. Another
advantage is
Mat 4C
ter-I-mangy
allows the
accurate
mapping of
changes
since it can
be used to
define the
two
(primary)
restriction
sites
between
which
changes
occurred
Another
advantage is
thin cells
need not to
be 5 Guinan
before
fixation.
Thus, Sr
example
solid
tumours can
also he
analysed for
genornie
rearrangemen
ts. By way
of further
example, the
present
invention is
advantageous
because the
4C unmalogy
cm also
detect
changes (en
rearrangemen
ts) in a
pre-malignan
t state, re.
tit before
all the
cells
contain
these
changes.
Thus, the
technology
can be used
nut only in
the
diagnosis of
disease but
also in the
prognosis of
disease. By
way ef
further
example, the
array design
according to
the present
invention is
particularly
advantageous
as compared
to existing
genomie
tiling
arrays -
such as Ii
Nimblegen
gnomic aline
arrays -
since the
design
allows
representati
on of a much
larger part
of the
genome per
single
array. By
way of
example, for
a
restriction
enzyme
recognising
a
hexamueleati
de
tie:nuance
about 3
arays with
about
385,000
probes each
will be
sufficient
to cover,
far mangle,
the complete
human or
mouse gnome.
For a
restriction
enzyme
recognising
mare than
6bp, a
single array
of about 30
385,000
-probes cm
be used to
cover, for
example, the
complete
human or
mouse genie.
The
advantages
of the army
design are
that: (1)
each probe
is
informative
Sine each
analyses an
independent
lint/on oven
gently
facilitating
the
interpretati
on of the
results; and
(2) a large
representati
on of the
gnome can be
spotted on a
Si neie
array whin
is
cost-effecti
ve. 25 4C
technology
can
advantageous
ly be used
for the
fine-mapping
of peurly
swantesed
reacrangemen
t;
originally
detected by
gig genetic
approaches
(light
microscopy,
FISH, SKY,
etc). 30 4C
technology
can
advantageous
ly he used
for the
simultaneous
screening on
a sinal
array for
combinations
of
rearrangemen
ts that have
occurred
near
multiple
loci_  BRIEF
DESCRIPTION
taIRES
Figure! 



The
principle of
3C tylwology
Figure 2 (a)
The
principle of
one
embodiment
of 4C
technology.
IC analysts
is per-Rimed
as usual,
with gg.
Ifindal (II)
as
restriction
enzyme.
After
reversal of
cross-links,
DNA mix will
contain a
first (Mtge)
nucleotide
sequence
Egged to
many
different 10
fragments.
Those
fragments
will be
amplified
and labelled
by using
amplificatio
n methods -
such as
inverse PCR
- on ea.,
opal'
circles,
using first
(target)
nucleotide
sequence-spe
cific
pintas.
Labelled
amplificatio
n products
may bc
hybridised
to the
arrays as
described
herein_
IfinaBI and
DwilI are
given as
exempla" but
other
combinations
of
restfiedon
enzymes -
such as 6 ex
8- and 4 or
5-cutters -
can also be
15 used. (b)
PCP results
separated by
gel
electrophore
sis from two
badeprident
fetal liver
([.1, 12)
and brain
(B1, B2)
samples. (e)
Schematic
representati
on of the
Bastion of
the
microarray
probes.
Probes were
designed
within 100
bp of
Hindi-11
sites. Thus,
each probe
analyzes one
possible
ligation
pursuer.
Figure 3 4C
technology
detects the
genamic
environment
of Rad23A
(chromosome
8). Shawn
are
wrocussed
ratios 94C
signals for
Rad23A
divided by
signal
obtained for
control
sample) for
probes
located in
-15 Mb or
more genomic
regions on
mouse
chromosome
10, 11, 12.
14, 15, 7
and 8 (top
to bottom;
tons shown
are at
identical
distance
from ti each
correspondin
g
ihntromere).
Note the
largo duster
uf strong
signals
around the
(Rad23A)
bait on
chromosome 8
(row 7),
which
demonstrates
that 9C
technology
&WAS gametic
frogmen&
close OR the
linear
chromosome
template (in
agreemmit
with the
fret that
interaction
&openers are
inversely
proportional
to the goon&
site
sepsu-ation)
. Note Mat
the region
linked in
cis round
the bait
that shows
high signal
ia
intensities
is lime
asi3M16,
implying for
example that
trauslocrion
s can he
detected
even with
baits mom
Than I MB
away from
the
breakpoint.
Figure 4 4C
interactions
of fi-globin
ea
chromosome 7
(-1350Ob)
for a
transcribinn
tissue
(fetal
liver) and a
ism-transcri
bing tissue
(fetal
brain)
(analysed by
a miming
mean
approach).
Note that
long-range
interactions
with
p-globin
differ
betwaini
tissues
(likely
dependent on
the
transcriptio
n status of
the gene).
Independent
of the
tissue
strong 4C
signals
demarcate a
large region
(5-5 Mb)
around the
bait Figure
5 Urns and
Enaf
interact
with
p-globin in
fetal liver
celLs. The
4C approach
reveals that



10 two
genes, Firaf
and thus.
interact
over >30 Mb
with The
p-globin
locus
located -30
Mb away.
Thine twO
interactions
war
previously
found by a
different
technology
(Fluorescenc
e In Site
Hylandisatic
an as
descaltred
in Osborne
etal.,
Nature
Genetics 36,
1065 (2004).
This example
shows that
long-nmge
interactions
detected by
4C
technology
Cau be
verified by
FISH and
truly
reflect
nuclear
moth/. 15
Figure 4C
technology
accurately
identifies
transitions
betiveen
=related
genoune
regions that
are linked
in cis. For
these
experiments
transgenic
mice were
used that
contain a
human
11-globin
Locus
Control
Region (LCR)
cassette
(-20 kb)
inserted
(via 20
homologous
recombinatio
n) into the
Rad734 lams
on mouse
chromosome
I. 4C
technology
was
performed on
1114.5 fetal
livers of
transgenic
mice that
were'
homozygous
fur this
insertion. A
Hind1111
fragment
within the
integration
cassette
(II52) was
used as
'4C-bait'.
The data
show that 9C
technology
accurately
defines both
ends of the
transgenic
cassette
(bottom row
only probes
in the human
LCR ' 25
(-201O) give
4C-signals
and not
probes in
the
remainder of
-3110 kb
human
p-globin
sequence)
and clearly
reveals the
position of
integration
on mouse
chromosome
(upper
panel:
compare
signals on
chromosome 0
(for
position of
integration,
see arrow)
with signah
on 6 other
mouse
chromosomes)
(complete
chromosomes
arc
depicted).
This example
shows that
4C
technology
can be used
to detect
the gcnomic
30 position
of
ectopieally
integrated
DNA
fragments
(virus.
Mongers;
etc.). It
shows That
transitions
Imtween
unrelated
genomie
regions that
are linked
in cis can
he
identified
accurately,
which can be
ato identify
genomijots
and
anslocation
;kin 7 5 4C
techrdogy
produces
reproducible
data since
the profile
for 1132 and
0-glubin are
- very
similar.
Four
biologically
independent
4C
experiments
were
performed an
E145 fetal
liven, using
either the
13-globin
gine a-major
(upper 2
rows) or
p-globin
HS2(baltom
two rows) as
the bait
These baits
are -40 kh
apart an the
linear
chromosome
template but
ware
previously
shown to be
close in the
nuclear spat
10 (Foliage
cc al,
Molecular CM
10, 1453
(2002))
Depicted is
a -5 Mb
region on
mouse
chromosome 7
that is
20,20 Mb
away from
the p-globin
locus. The
data show
high
reprodudbilh
y between
independent
totperiments
and
demonstrate
that two
fragments
close in the
nuclear
space slain
interacting
partners
located
elsewhere
laths
genuine. 



/5Figure 8
4C
technology
is applied
to measure
DNA-DNA
interaction
frequencies
with
sequenro X
Bin
chromosome
A) in cells
from a
healthy
person (top)
and a
patient with
traMordion
(A;11)
(bottom).
Signal
intensities
regimenting
DNA-DNA
inmaction
frequencies
(Y-axis) are
plated for
probes
ordered on
linear
chromosome
templates 10
(X-axis). In
normal
rolls,
frequent
DNA-DNA
interactions
are detected
on
chromosome A
around
sequence X.
In patient
cells, a 50%
reduction in
int:radian
frequencies
is observed
fro probes
on
chromosome A
located on
the other
side of the
bredpoint
(F10)
(compare
grey curve
(patient)
roth black
line
(healthy
person).
Moreover,
the
translocatio
n brings
part of
chromosome
13 in close
physical
proximity 23
to sequence
X, and
frequent
DNA-DNA
interactions
are now
observed for
this region
on
elnumosomc
B. The
abrupt
transition
from low to
high
interaction
frequencies
on this
chromosome
morim the
location of
its
breakpoint-
Figure 9 30
(Balanced)
inversion(s)
can be
detected lay
4C
technology.
Inverted
patterns of
DNA-DNA
interaction
frequencies
(measured by
40
technology
as
hybridizatio
n signal
intensities)
am observed
in diseased
(solid
curve) as
compared to
non-diseased
(stippled
curve)
subject,
which
reveals the
presence and
size of the
inversion.
Figure 113 5
Hitisozygoos
deletion(s)
detection by
4C
technology.
Probes with
reduced
DNA-DNA
interaction
frequencies
(measured by
417
technology
as
hybridizatio
n signal
intensities)
in diseased
(grey curve)
as compared
to
nem-diseased
(black
curve)
subjects,
reveal the
position and
size of the
deleted
region_
Residual
hybridizatio
n signals in
thc deleted
region of
the diseased
subject come
from intact
allele 10
(heterozygou
s deletion).
Deletion is
typically
aceolliPanir
d by on
increase in
sign]
intensities
for probes
located
directly
beyond The
deleted
region (note
that the guy
curve is
above the
black move
at right
hand of the
deletion),
since these
regions come
in Sour
physical
proximity to
the 411
sequence
(bait). 15
Figure)]
Duplication
detected by
411
technology.
Probes with
increased
hybridiratio
n signals in
a patient
(solid
curve) as
compared to
a normal
subject
(stippled
curve)
indicate the
position and
size of
duplication.
Duplication
as detected
by 411
technology
is typically
accompanied
by decreased
hylnidizatio
n signals in
diseased
versus
oon.diseased
50 subjects
for probes
beyond the
duplicated
region
(duplication
increases
their
genornic
site
separation
from the 411
sequervee).
Figure 12
Long-range
interactions
with
p-glohin
revealed by
411
technology.
a, Uoprommed



25 ratios of
411 over
control
hybridizatio
n signals,
revealing
interamions
of fl-globin
HS2 with
chromosome 7
and two
unrelated
chromosomes
(8 and 14).
Iwc,
Unprocessed
data Mr two
independent
fetal liver
(top, in
rod) and
fetal brain
samples
(bottom, in
blue)
plotted
along two
different
1-2 Mb
legions cm
chromosome
7. Highly
reproducible
clusters of
innmetions
are observed
either in
the two
fetal liver
simples 30
(b) or the
two brain
samples (e).
d-e, Running
mean data
for the some
regions.
False
distovery
rate was set
at 5%
(stippled
line). f,
Schematic
represenhati
on of
regions of
interaction
with active
(fetal
liver, top)
and inactive
(fetal
brain,
bottom) p-gl
bin
chromosome
7. leigure
13 5 Active
and inactive
0-elobin
interact
with alive
and inactive
chromosomal
regions;
respectively
. a,
Comparison.
between
p-globin
long-range
interactions
in fetal
liver (4C
running
mean, top),
mieroarray
expression
analysis in
fetal liver
(log scale,
middle) and
the location
of genes
(bottom)
platted
along a 4 Mb
region that
contains the
gene Urns
(-30 Mb away
from
(5-gbabin),
showing Mat
active
g-globin
preferential
ly 10
interacts
with other
actively
transcribed
genes, Is,
The same
comparison
in feted
brain anima
a OR gene
cluster
located-- 38
Mb away from
globin,
showing that
inactive
pglobin
preferratial
ly interacts
with
inactive
regions. c,
Characteriza
tion of
regions
interacting
with
13-globin in
fetal liver
(left) and
brain
(right) in
terms of
gene content
and
activity. 15
Figure 11
Ubiquitously
expressed
Rad23A
inttracts
with very
similar,
active,
regions in
fetal liver
and brain.
a, Schematic
representati
on of
regions on
chromosome I
MP:meting 



with active
Ftsd23A in
Mal liver
(top, red)
and brain
(bottom,
blue). to,
Comparison
PO between
Rad23A
long-range
interaCtions
(4C running
mean) and
microarray
expression
analysis
(log scale)
in fetal
liver (top
two panels),
Rad23A
long-range
interactions
(4C mem*
mem) and
min-roar/ay
expression
analysis
(log scale)
in fetal
brain (panel
3 and 4) and
the location
of genes
(bottom
panel)
plotted
along a 3 Mb
region of
chromosome
R. e,
Characteriza
tion of
maims
interacting
with Rad23A
in 25 Mal
liver (left)
and brain
(right) in
terms of
gene content
and
activity.
Figure 15
Cryo-FISII
confirms
that 4C
technology
truly
identifies
interacting
regions, a,
example of
part of a
(200 am)
cryo section
showing more
than It
nuclei, same
of which 30
containing
the
13-globin
locus
(green)
and/or Urns
(nad) Duc to
sectioning,
many nuelei
do not
contain
signals for
these two
loci. Is-d,
examples of
completely
(Is) and  WO
21111KAInn10
5PCT/1020418
111110n2.5
partially
(c)
overlapping
signals and
contacting
signals (d),
which were
all scored
as positive
for
interaction
e-g,
examples of
nuclei
containing
non-contacti
ng &lam
(e-f) and a
nucleus
contanaing
cmly
p-globin
(g), which
were all
scored as
negative for
interaction.
h-i,
Schematic
representati
on of
crpo-11511
results.
Percattages
of 5
interacticui
with
ll-globin
(b) and
ANIMA are
indicated
above the
chromosomes
for regirms
positively
identified
(red
arrowhead)
and
negatively
identified
(blue
arrowhead)
by 4C
technology.
The some
RAtis were
used for the
two tissues.
Interaction
frequencies
measured by
eryo-FISH
between two
distant OR
vas charters
in lbtal
liver and
brain are
indicated
below the
chromosomes.
10 Figure
.16 4C
analysis of
EIS2 and p
-major give
highly
similar
results. (a(
tinprocemed
4C data
flour
independent
14.5 liner
samples show
every
similar
parltem of
interaction
with 



1152 (top)
and p-major
(bottom).
(15) A large
overlap
exists
barren
probes
scored 15
positive for
interaction
in the 115-2
experiment
and probes
that scored
positive for
interaction
in the
p-major
experiment.
Figure 17
Regions tint
interact
with
li-gloirin
also
frellumptly
enntact each
other Two
regions 20
(almost 60
Mb apart),
combining
actively
transcribed
genm and
identified
by fit
techuology
to interact
with
0-glubin in
fetal liver,
shuwti
co-Localizat
ion
frequencies
by cryo-FISH
of 5.5A,
which was
significantl
y more than
background
co-localizat
ion
faximneies.
25 .egure 18
Example of a
heterozygous
deletion
revealed by
multiplex 4C
using a
single dye
for the
labelling of
DNA
fragments
interacting
with.
multiple
target
sequences.
The ratio of
interaction
frequencies
observed in
a patient
(sample)
over healthy
person
(=moll is
depicted on
the right.
Figure /ll
The presence
of a
deletion
present in n
leukaemia
patient an
revealed by
4C using a
target
nucleotide
sequence
that is
either at 2
Mb (A) or at
1.3 Mb (B)
upstream (to
the left')
from the
first
breakpoint
Note that
deletions
cause a
induction of
DNA 5
interaction
signals at
the deleted
region, but
also cause
an inacasc
in DNADNA
interaction
frequencies
for
sequences
directly
downstroun
Cat the
right') of
the last
breakpoint
This is
particularly
obvious
-when
interactions
with target
nucleotide
sequence B
are closely
examined (we
brdtom two
graphs).
Based on 4C
data
prisurrs
went dmigred
on each side
of the
deleted
region and
breakpoint
was
identified
by 10
sequencing:
plain text
is sequence
upstream of
deletion, in
bold
indicated is
an insetted
nucleotide,
underlined
lathe
sequence
downstream
of the
deletion.
Figure 20 A
heterozygous
inversion
revealed by
multiplex 4C
using a
single dye
for the
bluffing 



15 of DNA
fragments
interacting
with
multiple
target
sequences.
The ratio of
interaction
frequencim
observed in
patient
(sample)
over healthy
person
(control) is
depicted on
Um right.
Node that
ratios near
breakpoints
may be
different
when the
position of
the
breakpoints
relative to
the target
nucleotide
sequences is
different.
20 -FIgure
21 Colours
alternate
between
neighbouring
-target
nucleotide
sequences,
which allows
for the
detection
(in red) of
a deletion
close to a
beget
nucleotide
sequence (in
blue) that
foils to
detect the
deletion due
to Helmeted
hybridisatin
n signals.
in case the
amount of
probe on the
array is not
saturating
the blue
signal would
also be
decreased at
the
25deletion.
Figure 22
Colours
alternate
between
neighbouring
target
nucleotide
sequences,
which allows
tar 50 the
detection
(in red) of
an inversion
The ratio of
interaction
frequencies
observed in
the patient
(sample)
over healthy
meson
(control) is
depicted on
the right.
Note that
compared to
a single dye
experiment
(see figure
2) the use
of
alternating
dyes
facilitated
The
detection of
rearrangemen
ts such as
reversions.
Also note
That ratios
near
breakpoints
may be
different
soften the
position of
the
breakpoints
relative to
the target
nucleotide
sequences is
different. 5
Figure 23
Example of a
heternmom
inversion
revealed by
multiplex 4C
using a
different
dyes for the
labelling of
DNA
fragments
interacting
with
different
(argot
toquences.
Breakpoints
of the
invasion arc
indicated by
the position
of red and
green
signals in
the patient
that are
absent in
the control
wimple. Note
that
introduction
of more
colours to
facilitates
the
detection of
rearrangemen
ts (compare
for example
figure 4 and
5). Figure
24 Detection
of balanced
translocalio
ns. Each
elnomosome
is labelled
with two
unique ,
dyes that
are used
such that
the dyes
alternate
between
target
sequences
that
neighbour 



15 on the
linear
chromosome
template. If
tranducation
s are
balanced,
each of the
two
chromosome-s
Ncibc dyes
should give
strong
hybridisatio
n signals on
a mutually
exclusive
net of
probes
directly
neighbouring
each other
on The
linear
template of
the
unrelated
chromosome--
The
breakpoint
on this
unrelated
chromosome
is located
in between
the two sets
of probes
showing
positive
19-bridisati
tas signals.
The parent
20
chromosome
sigaids at
and past the
breakpoint
would be
half the
intensity of
the control
(not shown
in the
figure)
Figure 25
Proof of
principle
for the
detection of
balanced
translocatio
ns.
Detection of
1(1;7) 25
transiocatio
n as
described in
(R. Burnett
at al.,
Blood, Vol
AA No 4
(August I
5), 1994: pp
1232-1236).
Target
nucleotide.
sotinceces
Dank the
TCR9 locus
on
chromosome
7, with the
red signals
represtmling
DNA:DNA
interactions
with the
target
sapience
that is
located
upstream of
the TCR9
locus, and
the blue
signals
representing
DNAtI)NA
interactions
with the
target
sequence
That is
located 30
downs-beam
of the TCRI3
locus.
Depicted arc
the
into-acting
DNA signals
found on
chromosome
I. Top panel
shows the
theoretical
signal
distribution
. The middle
and lower
panel show
the actual
signal
distribution
. The bottom
panel shows
signals at a
resolution
of
individual
probes
juxtaposed
on the
chromosome
template.
Note that in
case of a
balanced
tamslocafion
target
nucleotide
sequences
flanking the
breakpoint
will show a
mutually
exclusive
set of
intembromusu
mal DNA
interaction
signals that
directly
border each
other on the
linear
chromosome
template of
the
translocaing
5 partner
ebromosome.
Position of
sequenced
breakpoint
(described
in Burnett
et al.,
1994) is
bulicated by
an arrow at
the bottom
panel.
Figure 26
Theoredual
example tar
tea
detection of
unbalanced.
tremslocatio
ns. Each
chromosome
to is
labelled
with two
unique dyes
that are
used such
that the
dyes
alternate
between
target
sequences
that
neighbour on
the linear
chromosome
template. If
trausiocatio
ns occurred
with loss of
DNA at the
breakpoints
(i.e.
milsalanced
translocatio
ns), each of
the two
chromosommti
niiiic dyes
will give
strong
hylnidisatio
n signals on
a mutually
inclusive
set of pmbes
on the
unrelated
chromosome
that do not
directly
neighbour Is
each other
on the
linear
template of
the =related
chromosome.
The deleted
region is
indicated.
Figure 27
Detectian of
unbalanced
translocatio
ns.
Detection of
1(4:7)
trandocation
as &scribed
20 in (RI
Galjaard at
al., Am I
Med Goad A.
2003 Aug
30121(2):161
1-73).
Target
nucleotide
sequences
loran to
chromosome
7; the
depicted
interacting
DNA signals
are located
on
chromosome
4. Two
target
sequences
were used
located
upstream
(5') and
downstream
(10) of the
breakpoint
on
chromosome
7. bitemedng
DNA signals
loaded on
chromosome 4
are
indicated
(for both
target
sequences in
blue). The
region 



25 in
between the
clusters of
interacting
DNA
fragments on
chromosome 4
has been
deteled in
this
pratimt.
Top: signals
for the
complete
chromosome
4. Bottom
panel 4C
data:
signalo at a
11.5MB
region
around the
breakpoints
on ebromsome
4. Based on
these OC
data, the
HinclIII
restdction
fragment on
chromosome 4
containing
the
transtocatio
n breakpoint
was
ideutifiinl
and used to
map the
breakpoint
by
sequencing.
30 The
sequence is
provided at
the bottom
of the
figure, Mime
underlined
sequence is
from
chromoseme
4, bold is
frond both
on 7 and 4
and plain
sequence is
from
chromosome
7_  Figure
28
Chromosome-s
pa:Oat:
labelling of
DNA
interactions
. Blue
signal
appealing on
chromosome 3
and orange
signals
appearing on
chromosome I
reveal the
translocatio
n 5 partner
chromosomes
and the
approdnaate
position of
the
breakpoints.
Figure 29
Scooting of
Pak
amplified
nucleotide
sequences of
interest
(blue:
travel
addnas)
ligated to
target
nucleotide
sequence
(red: home
address).
Amplificatio
n kos dose
II using
primers
(red), at
least one
which being
complonentap
to target
nucleotide
sequence.
Optionally,
adapters
(green) can
be
inbriduced
in various
ways at the
end of the
PCB
products, as
indicated.
Figure 30 15
90
accurately
detects a
balanced
translocatio
n and
inversion
(A-B) 9C
technology
detects a
balanced
traolocation
t(1;7). (A)
In a healthy
control
sample,
target
fragments a
(red) and b
(blue) that
are located
at opposite
sides of the
TORE locus
on
chromosome 7
do ant
capture
regions on
chromosome
I. (B) In
the HSB- 2
cell line
containing a
balanced
translocatio
n
t(1,7)(p35;
q35), each
Tufts target
fragment so
captures a
region on
chromosome
I. The
regions
captured are
several
megabases in
size (zoom
1), dimeily
neighbor
each other
(zoom 2) and
flank the
previously
cloned
breakpoint
(arrow). See
fig. SI for
results
other
chromosomes.
(C-17) 40
detects a
halauced
inversion.
(C) In a
healthy
control
sample,
target
fragments e
(reel) and b
(blue) that
are located
at opposite
sides of the
acRa loco on
chromosome 7
do not 23
capture
large
regions
elsewhere on
chmmosome 7.
(D) In a
T-ALL
patient
sample, each
TORE target
fragment
captores an
additional
region at
the other
end of
chromosome
7. The most
5' target
fragmatt (a;
red)
captures a
regions'
tithe ROX4
cluster, the
most)'
target
fragment (b.
blue)
captures a
regicm 3' of
the HaTA
cluster,
demonstratin
g an
inversion_
The regions
captured are
several
megshwes in
size (zoom
30 I) and
directly
ntighbor
each other
(zoom 2),
showing that
Pm inversion
is balsmort
Both target
fragments
identify the
breakpoint
(row) near
H02049
within a 6
14.1)
region.
Running mean
data were
plotted,
using a
window 5172
nf -60kb.
Zooms show
unpraccssed
signal
intensities.



Figure 31 5
4C
accurately
detects
unbalanced'
maitaracment
a (A) 4C
accurately
detects a
translocatio
n
t(4,7)(6152;
q35) in
combination
with a
rnicrodeleti
on (i.e.
unbalanced
rearrangemen
t) in an
cell fine
from an
unborn child
with
congenital
nizilformati
on. Target
fragments a
(red) and b
(blue) that
were located
on opposite
sides of the
breakpoints
on
chromosome 7
both capture
fragments
spanning
several
megahrises
on so
chromosome 4
(for signals
on other
chromosomes,
see fig.
35). The two
captured
regions with
high signals
do not
directly
neighbor
each other
showing that
the
translocatio
n is
accompanied
by a
deletion on
chromosome
4. (B)
Sequence of
one of the
breakpoints
(arrow),
with
chromosome 7
and 4
sequences in
small and
capital
letters,
respixtively
. (C) 4C
accurately
identifies a
homozygous
deletion in
a T-ALL Is
patient
sample. A
target
fragment
located on
chromosome 9
at 19.3 Mb
identifies a
region
(between
arrows)
lathing high
signals in
the patida
sample
(bottom)
compared to
control
sample
(top),
showing a Mb
deletion on
9p21.
Signals 3'
of the
deletion are
higher in
patient
versus
control. as
this region
is in closer
proximity to
the target
fragment due
to the
deletion.
(D) Sequence
across the
breakpoints
indicated by
the 20
arrows in
(C), rating
the
deletion.
Plotted in
this figure
me
unprocessed
signal
intensides.
Smelts!:
signals in
deleted
regions
indicate
that these
probes show
non.
specific
hybridizatio
n. Figure 32
25 4C sheen
identifies
13103 as a
novel
translocatio
n partner of
TOM Five
ramharacteri
zed TALL
patient
samples were
screened
with 4C,
using a
target
fragment
near the
TCRB locus
on
chromosome
7. (A) In
one patient
ample high
signals
appeared
specifically
on
0111)MOSIMIt
, 12,
revealing a
transiecatio
n, ted;
12)(q35;
p12.3). For
signals on
all other
chromosomes,
see fig. 54.
A deletion
is 30
present
several
megabasra
from the
transIncatio
n site
(arrow) on
chromosome
12 (zoom 1).
The
translocatic
rn she 's
present in a
6 kb region
close to the
Blf03 gene
(zoom 2).
(B)
Sequences of
both
breakpoints
of
t(7:1.2),520
123);
nucleotides
in  upper
case are
from 12, in
lower case
from 7 and
in italics
are from
unknown
origin. (C)
Schematic
npresentatio
n of the
traashicalio
n site of
a7;12)(q35;
p12.3). The
enhancer of
ICRJ3 is
positioned
701
downstream
tribe 11A403
gene.
Running mean
Unto were
plotted,
using a
window size
of -601dt
Zooms show
tmprccessed
signal 



3intensities
. Figure 33
4C signals
across all
chromosomes
in a healthy
control and
a sample
carrying
t(1;7)(p35;
q35). The
black
arrowheads
indicate
posidon of
target
sequences.
The red 10
arrowhead
indicates
the position
of the
translocatio
n site.
Running mean
data were
plotted,
using a
window sire
of --60kb.
Scale on
T-axis
(arbitrary
units) is
identical
for all
dimmer-mins.
Figure 34 75
ResltivdulvR
aR0m14-PCuud
-end-sequull
cillg (A)
Schematic
representali
on of
restriction-
fragment-pai
red-end-seou
raming. (11)
Rreakpoint
sequences of
an inversion
between TCRB
and HOXA on
chromosome 7
(see fig.
30). The
black
sequence is
located at
the position
in HOXA
found with
AC
technology,
in between
the probes
that mark
the
transition
from
captured to
non-captumd
liumnents.
The red
sequence was
an found
with
restrictionf
ragment-pair
ed-cad-solue
ncing from
the black
sequence and
is located
in the
TCRBAucus.
Figure 35 4C
signals
across alt
chromosome*:
obtained
with twn
different
chromosome 7
target 25
fragments in
a sample
catryirlg
1(4;
7)0115.2;
q35). The
black
arowlmadzind
kate
position of
target
sequences.
The red
arrowheads
indicate the
position of
the
translocatio
n sites.
Running mean
data were
plotted,
using a
window size
of -60kb.
Scale on
Y-axis
(arbitrary
units) is
identical
for all
chromosomes.
30 Figure 36
AC signals
amass all
chromosomes
obtained
with a
target
seq.-nee
near the
2C110
stetson
chromosome 7
in two T-ALL
patient
samples, one
of which
carrying a
RT 12)
trarclocatio
n. The black
arrowheads
indicate
position of
target
sequences.
The red
anowbead
indicates
the position
of the
imnslocation
site.
Running mean
data woe
cloned,
using a
window size
of -40kh.
Scale on
Y-axis
(arbital's'
units) is
identical
for all
chromosomes.



Hype 37
12.103
expression
in T-A1].
patient
samples.
Gene
expression
was measured
on
affyruurix
gene
expression
arrays.
31P03 is
expressed in
the patient
carrying
t(7;12)(q35;
p12.3), but
not in the
Usurpations.
Figure 38 4C
FUR primers
and product
to be
analysed by
Selena
sequencing.
Sequences
produced by
Solexa
(arrows)
first read
the `anal
primer' (IX
nucleotides,
including
.GATC (i.e.
DEER
recognition
sire)),
followed by
the captured
sequence.
Figwe 39 PCR
results
using
primers with
5'mb:change
containing
Sclera
adaptor
sequences.
For
comparison,
results
obtained
with
standard
primers
(lanes 1,5,9
from la to
righb no
carbon.) tat
also shown.
Figure 40
Results from
4C-sequencin
g. Figwe 41
25 Primerset
3 (139M10
captures
chromosome I
sequences
across the
breakpoint
in the
II5I3-2
T-ALL cell
line (on
chromosome 7
at 4142Mb,
i.e. 3Mb
away from
the ban For
comparison,
microarmy
results are
shown. Note
that the
target
soluelice
null for the
micron-way
experiment
Was closer
(<1 Mb) to
the
breakpoint,
explaining
why it maps
the
breakpoint
on
chromosome I
better. 30
DETAILEDFrNI
P INVENTION
30 mangoLony
Die 3C
method has
been
described in
detail in
Dekker eral.
(2002),
Tanis at al.



s (2002),
Palau at at
(2003).
Splinter
etal. (2004)
and Drissen
or at
(2004).
Briefly, 30
is performed
by digesting
cross-linked
DNA with a
primary
restriction
avyme
followed by
ligation at
wiry low DNA
concentratio
ns. Under
These
conditions,
ligation of
emss-linked
fragments,
which is
intramoletul
ar, is
strongly
favoured
over Ration
of random
fragments,
which is
intermolecul
ar.
Cross-linkin
g is then
reversed and
to
individual
ligation
products are
detected ad
quantified
by the
Pollimerase
that
reaction
(2CR) using
laus-apecifi
e primers.
'Me cross
linking
frequency
(X) of Iwo
specific
loci is
determined
by
quantitative
PCR
reactions
using
control and
cross-linked
templates,
and Xis
expressed as
the ratio of
the am imt f
th product
obtained
with the
cross-linked
template and
with the
tonal
template. 15
In
aceordauce
with the
present
invention, a
3C template
is prepared
using the
methods
described by
Splinter at
al., (20041)
Methods
Ensymol.
375,
493-507.
lie.
fotmaldehyde
fixation,
(primary)
madam argat
digestien,
in-ligatien
of
taunt-linked
DNA
fragments
and DNA
purification
). Briefly,
a sample -
such as 20
easTissues
or nuclei -
is fad using
a
cross-linkin
g agent such
as
formatdehyde
. The
primary
restriction
enzyme
digestion is
then
performed
such that
the DNA is
digested in
the context
of the
Gross-linked
nucleus.
Intramolecul
ar ligation
is then
performed a
low DNA
concentratio
ns (for
example,
about
).7n041),
which
favours
ligation
between
cross-linked
DNA
fragments
(ie.
inframolecuL
ar ligation)
over 25
ligation
between
non-cross-li
nked DNA
fragments
(it.
intermolecul
ar or random
ligation).
Next, the
cross links
are moursed
and the DNA
Gan be
purified.
The 3C
template
that is
yielded
(mains
restriction
fragments
that are
ligated
because they
were
originally
close in the
nuclear
space- 20
Since a
primary
TeStriCtiOn
enzyme is
used to
digest the
DNA prior to
the
intramolecul
ar ligation
step, an
enzyme
recognition
site for the
primary
restriction
enzyme all
separate the
first
(target)
nucleotide
sequence and
the
nucleotide
sequence
that has
been Heated.
Accordingly,
the primary
recognition
site is
lucked
between the
List (beget)
nucleotide
sequence and
the ligated
nucleotide
sequence (in
the heated
second
sequence). 5
NI)C.I.F0Til
ifi
SE0111eNCS,
The present
invention
involves the
ere of
nucleotide
sequences
(cc_ 3C
templates,
4C
templates,
DNA
templates,
amplificatio
n templates.
DNA
fragments
and commie
DNA), which
may be
available in
databeiese
10 The
nucleotide
seideure may
be DNA or
RNA of
giruornie,
synthetic or
recombinant
origin ec.
cDNA. For
example,
recombinant
nucleotidese
quene es May
be prepaid'
using a PCle
cloning
techniques
This. will
involve
making agate
of primers
flanking a
region of
the sequence
which it is
desired to
clone,
bringing the
primers into
contact IS
with roRNA
or cDNA
obtained
from, for
example, a
mammalian
(eg animal
or human
cell) or
nun-marninal
ian cell,
performing a
coign chain
reacticm
(PCR) under
conditions
iddeh bring
about
amplificatio
n of the
desired
region,
isolating
the
amplified
fragment
(e.g by
purifying
the reaction
mixture on
an agarose
gel) and
recovering
the
amplified
DNA. The
primers may
be designed
to contain
suitable 25
restriction
enzyme
recognition
sites so
that the
amplified
DNA can he
cloned into
a suitable
cloning
vector_ The
nucleotide
sequence may
be
duuble-stran
ded or
single-straw
kel whether
representing
the sense or
toiliscrEu
strand or
combinations
thereof. 



25 For some
aspects, it
is pruteaa,d
that the
tureleotide
sequence is
single-stare
:led DNA'
such as
single
stranded
primers and
probes.
Fur same
aspects, it
is preferred
that the
nucleotide
smueace is
demble-stran
ded DNA 35 -
SUCIL aS
&ruble
stranded 3C
and 412
templates.
For some
aspects, it
is mothered
That the
nucleotide
sequence is
genomic DNA
- such as
one or more
genornic
loci. For
some
aspects, it
is preferred
Mat the
rweleotide
sequence is
chromosomal
DNA The
nucleotide
sequence may
comprise a
first
(target)
nucleotide
sequence
smiler a
second
nucleotide
sequence.
The primary
and
secondary
restriction
enzyme
recognition
sites am be
different to
to each
other and
will
typically
occur only
once in the
nucleotide
sequence. In
one aspect,
there is
provided a
circularised
nucleotide
sequence
comprising a
first
nucleotide
sequence and
(cm_ ligaled
to) a second
nucleotide
sequence
separated
(eg. diaided
or partial)
by a primary
and a
secondary
restriction
enzyme
recognition
site, 15
wherein said
first
nucleotide
sequence is
alamet
nucleotide
solute. and
mid second
nucleotide
sequence is
obtainable
by
cross-linkin
g genomic
DNA (eg. In
vivo OT irs
vitro). The
primary and
secondary
restriction
enzyme
recognition
sites will
be diffieent
to each
other and
will
typically
occur only
once in the
rwrimaide
sequence. 20
In a birdies
aspect,
there is
provided a
eireuiarised
nucleotide
sequence
comprising a
first
nucleolide
sequence and
(eg. ligated
to) a second
nucleotide
sequence
separated
(eg. divided
or parted)
by a primary
and a
secondary
restriction
enzyme
recognition
site,
wherein said
first
nucleotide
sequence is
a target
nueleotide
same:nit and
wherein said
first and
second
nucleudde
sequences
are
obtainable
by a process
comprising
the Si steps
of: (a)
cross-]inkin
g genumic
DNA (eg, in
vivo or in
sites) ; (h)
digesting
the
cross-linked
DNA pith a
primary
restriction
enzyme; (c)
figating the
emss-Linkod
nucleotide
sequences;
(a1)
reversing
the cross
linking; and
(e)
digesting
the
nucleotide
sequences
with a
secondary
restriction
enzyme to
circularise
the
nucleotide
sequences.
30Preferably
, the second
nuelwitide
sequence
intersectt
(eg.
bisex.$) the
first
(target) 



micleotide
sequence.
Accordingly,
the
nucleotide
sequence
comprises
the second
nucleotide
sequence,
which
separates
the first
(target)
nucleotide
sequence
into two
portions or
fragments -
such as
approximatel
y w equa313
'red
portions or
fragments.
Typically,
the portions
or fragments
will be at
least about
16
nucleotides
in length.
La a further
aspect them
is provided
a database
of sequences
of 6-50
basepairs
that 5
directly
flank, and
optionally
include, the
primary
restriction
enzyme
recognition
site of each
target
sequence
included and
that CMS be
used in the
methods
described
herein to
identify
each target
supertax. In
mother
aspect,
there is
provided a
database of
sequences of
12-50
basepairs
that to
directly
flank all
primary
sided enzym
am gni 'an
all h genome
and that can
be used in
the methods
described
hernia to
determine
the genomic
position of
each of the
captured
sequences
identified_
In another
aspect there
is provided
a database
of sequences
of 6-50
hasepairs
that 15
directly
flank, and
optionally
include, the
relevant
secondary
restriction
enzyme
recognition
site of each
of the
target
sequences
included,
and that can
be used in
the methods
described
herein to
identify
each target
sequence. In
another
aspect,
there is
provided a
database of
sequences of
12-50
basepairs
that 20
directly
flank all
relevant
secondary
restriction
enzyme
recognition
sites in the
genome and
that can be
used in tbe
methods
described
herein to
determine
the commie
position of
each of the
captured
sequences
identified.
I' T t. __A
TIDE S
UttNeti 25 



The first
nucleotide
sequence is
a target
nucleotide
sequence. As
used herein,
the team
'target
nucleotide
sequence'
refers to
the sequence
that is used
as a bait
sequence in
order to
identify the
one or mute
sequences to
which it 30
cross-links
(eg. one or
more
nucleotide
sequences of
interest or
one or more
sequences of
wilmown
nucleotide
sequence
composition)
.  The
target
nucleotide
sequence is
of known
sequence.
Cross-linkin
g is
indicative
that the
target
nucleotide
sequence and
sequence
ernes-
linked
thereto wear
originally
close in the
nuclear
space. By
determining
the 5
frequency by
which
sequences
are close to
each other,
it is pomade
to
understand,
for example,
the
conformation
of
chromosomes
and
elimmosomal
regions in
the spatial
context of
the nucleus
(eg. in vivo
orb vitro).
Moreover, it
is possible
to
understand
the
intricate
structural
organisation
s within the
genome, for
example,
when
enhancers or
other
transcriptio
nal
regulatory
elements
cummonthate
with distant
promoters to
located in
eis or even
in trans.
Furthermore,
it is even
possible to
understand
the
positioning
of a given
genomic
region
relative to
nucleotide
sequences
present on
the same
chromosome
(in cis) as
well as to
nucleotide
sequences en
other
chmrnosomes
(in trans).
Thus, it is
possible to
map
nucleoside
sequences on
different
chromosomes
that
frequently
share sites
in the
nuclear
space.
frarthennare
, it is even
possible to
iv detect
balanced
andfor
unbalanced
genetic
aberrations
- such as
bat email
andior
unbalanced
translocatio
ns.
deletions,
inversions,
chiplicadons
and other
gennmic
rearrangemen
ts Mg
deletions or
translocatio
ns in one it
more
cbmmosnmes).
In this
regard,
genetic
aberrations
result in
changes in
the DNA-DNA
interactions
at the
position
that the
change has
occurred,
which can be
detected_ 20
The Rot
(target)
nucleotide
sequence in
accordance
with the
present
invention
can be any
sequence in
which it is
desired lu
determine
the
frequency of
interaction
in the
nuclear
space with
one or more
Om
sequences.
25 In one
embodiment,
the Era
(target)
nucleotide
sequence
will be
greater than
about 350 bp
in length
since a
secondary
restriction
enzyme is
chosen that
mar the fast
(target)
nucleotide
sequence at
about 350 bp
or rnore
from the
primary
vest-intim
Mc. This may
minimise a
bias in
circle
fommtion due
In
topological
constraints
(Rippe et
al. (2001)
Trends in
Biochem
Sciences 26,
733-10). 30
Suitably,
The first
(target)
nucleotide
sequence
following
mthlideatinn
comprises at



least about
32 bp by
virtue of
the faci
that the
minimum
length of
the at least
Iwo
NottestenPPT
IBIO01151t00
5
amplifithtio
n primers
aced In
ampIi the
second
natileoce
are about 16
bases each.
In a
preferred
embodiment,
the first
(target)
nucleotide
seciumor may
comprise 5
completely
or partially
(eg, a
fragment),
or be close
to Mg. in
The
proximity
of), a
promoter, an
enhancer, a
silencer, an
insulator, a
matrix
attachment
region, a
locus
control
region, a
transcriptio
n unit, an
origin of
replication,
a
recombinatio
n Mascot, a
translocatio
n
breakpoint,
a
nentramere,
a telomere,
a gene-dense
region, a
gene-pnor
region, a
repetitive
clement, a
(viral)
integration
site, a
nucleotide
sequence in
which 10
deletions
and/or
mutations
are related
to an effect
(e.g.
disease,
physiologica
l,
functional
or
structural
effect -
such as an
SNP (single
nucleotide
polymorphism
), tar
nucleotide
sequence(s)
containing
such
deletions
and/or
mutations,
or any
sequence in
which it is
desired to
determine
the
frequency of
interactitm
in thc
nuclear
spare wit
other
somenees. 15
As mentioned
above, the
List
(target)
nucleotide
sequence may
comprise
ccunpletely
or partially
Ceti a
fragment),
or be close
to (eg. in
the
proximity
of) a
nucleotide
sequence in
which
genetic
aberrations
- such as
deletions
aid/or
mutations -
are related
to an effect
(e.g. a
disease).
According to
this
embodiment
of the
invention
the 20 Erg
(target
nucleotide
sequence)
may
therefore be
a nucleotide
sequence (eg
a gene or a
locus),
athaecnt to
(on the
physical DNA
template),
or in Ihri
genomic
region in
which
chanties
have been
associated
with or
correlated
Ins disease.
such as a
genetic  or
congenital
disease In
other words,
the first
(target)
nucleotide
sequence may
be or may be
chosen based
on its
association
with a
clinical
phenotype.
In a
preferred 25
embodiment,
the Mangos
arc changes
in one or
more
chromosome
and the
disease may
be as a
consequence
of, for
example, one
or more
deletions,
one or more
trattilocati
ons, one or
more
duplications
, and/or one
or more
Inversions a
thereinNon-l
imiting
examples of
such
goncsacci
are AMLI,
MYC, BCE,
RCA ABLA
immunothobul
in lost,
LYLI,TAL1,71
4L2, L1102,
TCRMA TOR/I,
MOB end
other loci
30 in
various
lymphoblasti
c leukemias.
Other
examples are
described in
electronic
databases -
such as:
http://www.m
biallin.nih.
govientrethq
ueryiegi?db-
cancercbrona
osemes
htlpillegapo
cibihthey/Cl
aromosomesWi
telman
Mtp://twaw.p
roganetithne
tiprogcnetit
hFl4603437,1
deceraut.htm
l 



3
http://wwwoh
angbiescienc
e.comthythge
nelics/cytel
pl?ouery=47t
hy
littmirwww.p
ossum.netani
bttp://watha
luthatabases
.comf
htlp://www.a
viley.comleg
acyfproducts
bubjectlife/
borgaenkarth
ades.html
htlpilwww.nc
binlmnih.gov
renhuthrtu-t
hatfcgi?dlth
OMITI 10
hitmliwww.sa
mgertmuk/Pos
tGenomksidec
iphar
Ith4t://agse
rvedgliarnin
l:8080/ecarr
ucathearuthj
sp    Other
examples are
described in
"Catalogue
of
Unbalaneth
Chromothme
Merriment In
Man" 2nd
edition.
Albert
SchimeL
Berlin:
Walter de
Gmyter,
2001, ISBN
3-tiIt011607
-3. In one
embodiment,
the term
"adjacent"
means
"directly
adjacent'
such that
there are no
inhavening
nucleotides
between two
adjacent
sequences.
20 in
another
embodiment,
the term
"adjacenf in
the context
of the
auricle acid
sequence and
the primary
restriction
enzyme
recognition
site II=ES
"directly
adjacent"
such that h
there are no
intervening
nucleotides
between the
nucleic acid
sequence and
the primary
resniction
enzyme
recomitima
site. 25
fl1.0.12NDTI
DE S  UENCE
The second
nucleotide
sequence is
obtainable,
obtained
identified,
or
identifiable
by
cross-linkin
g geruarnic
DNA (eg, in
vivo or in
vide). 30
The second
nucleotide
sequence
(eg.
nucleotide
thqumbe of
interest)
becomes
!Mated to
the Ern
(target)
nucleotide
sequence
after
treating a
sample with
a
cross-Hailin
g agent and
digesting/li
ghting the
thiss-linked
DNA
fragments.
Such
sequences
are
cross-linked
to the that
(target)
nucleotide
sequroce
because they
were
originally
close in the
nuclear
space and
hayed to the
first
(target)
nnektotid.e
sequence
because
ligation
conditions
favour
ligation
between
cross-linked
DNA
fragments
cultramolccu
laff over
random
ligation
events.
Diseases
based on
alterations
- such as
translocatio
ns,
deletions,
invysions,
duplications
and other
genomk
myranuements
- are
generally
caused by
aberrant
DNA-DNA
interactions
. 4C
technology
measures
DNA-DNA
interaction
frequencies,
which
primarily
are a
function of
the'anaemic
site
separation,
it. DNA-DNA
10
interaction
frequencies
are
inversely
proportional
to the
linear
distance cm
Haase%
between two
DNA not
present on
the same
physical DNA
template
(Dekker et
al., 2002).
Thus,
alteration(s
) which
create new
and/or
physically
different
DNA
templates,
is
accompanied
by altered
DNA-DNA
interactions
and this can
he measured
by 4c.
technology.
15 Suitably,
the second
nucleotide
sequence is
at least 40
base pair.
Cross-linidn
g agents -
such as
formaldehyde
- can be
used to
cross link
proteins to 



other
neighbouring
proteins and
nucleic Yid.
Thy, two or
mere
nucleotide
sequences zo
can be
ausetinked
only via
proteins
bound to
(one nf)
these
nucleotide
sequences.
Cross-linkin
g agents
other than
formaldehyde
can also be
used in
accordance
with the
present
invention,
including
those
cross-litdci
ng agents
that
directly
cross link
nucleotide
sequences.
Examples of
anenk that
cross-link
DNA inch*,
but are not
limited to.
UV light,
mitomycin C,
nitrogen
yam%
melphalay
11,14-butadi
ene 25
diepoxidc,
Ci5
diaminodichl
orophdinum(i
l) and
cyclophospha
mide.
Suitably,
the
cross-linkin
g agent will
from
cross-links
that bridge
relatively
short
distances -
such as
about 2 A -
thereby
selecting
intimate
interactions
that can be
reversed. 30
Cross-hnking
may be
rerformed
by, for
example,
incubating
the cells in
2%
formaldehyde
of ream
temperature
- such as by
incubating 1
a lfd cells
in 10 ml of
DIAEM-10%
FCS
supplemented
with 2%
formaldehyde
for it min
at mom
temperatme.
a As used
herein the
term
"primary
restriction
enzyme"
refers to a
first
restriction
enzyme that
is used tu
digest the
cross-tithed
DNA.    The
primary
restriction
enzyme will
he chosen
depending on
the type of
target in
sequence
(egu locus)
to be
analysed It
is desirable
that
preliminary
experiment
are
performed to
optimise the
digestion
conditions.
The primary
restriction
enzyme may
be selected
from
restriction
enzymes
recreant:lug
at Imre le
by sequences
or more of
DNA The
primary
restriction
enzyme may
be IS
selected
from
restriction
enzymes
recognising
at least? by
secputures
OP more of
DNA. The
primary
restriction
enzyme may
be selreted
from
restriction
enzymes
recogoting
at least 6
by sequences
or more of
DNA. For
some
embodiment,
the primary
restriction
enzyme may
be selected
from
restriction
ctizymes
recogriting
a 4bp and/or
Stbp
sequence of
DNA. to 



Using less
frequent
cullers will
increase the
anemic(cover
ed) by etch
bait
Restriction
enzymes that
recognise 6
by sequences
of DNA
include, but
are not
limited 25
to, Ac!!,
Bina% SspI,
BspLtJttt,
Agel, AO,
Spel, Ban,
Eco4711 I.
Stitt Scat,
Chit, Ave%
Vspl,
trefel,
PmaCI, Puree
Indel,NcoI,
Snot Stet,
Asa Anil,
%marg. SOL
Xhre, Pith
A111, EcuRI,
AWL Sad,
EcoRV, Spbt,
Suet, risen,
Nb.el,
Baralle Hare
Apre, Kpnl,
Sere Call
Aped. lipid,
Smith
FispHI,
Bsph12,
Brat, Xbal,
Nistl, Ball,
BspI4071,
Pail, Asian
and Atria
Restriction
enzymes that
recognise
more them a
6 bp
sequence of
DNA include,
but are not
limited tu
Bbve 1, Awl,
AsiS I, Et
I, Not', Eta
I, Pine 1,
SFr SgrA 1,
Says I, Sap
1, Cei Nl,
FspA I, Mae
I, Seat timi
I, Sell and
SseR3R7 5
For some
aspects of
the present
invention,
in the case
of
[Pattictism
empties
nscognising
6 bp
sequences,
Bglif, Hindu
l or Fetal
arc
preferred
Resnietion
enzymes that
recognise 4
or 5 bp
sequences of
DNA include,
but are not
limited to,
TspEl, MarSh
Alta,
titanS,
Dual,
FnuDII, Mad,
Dpnl, Mbol,
fthal, 10
HaeLII,
Rsal, Taql,
CviRT, Wish,
55h1371,
Acil, Spoil,
Sau3A1 and
Milt ln one
embodiment,
the
secondary
restriction
enzyme is
talatil
and/or
Dpnil. The
term
"primary
restriction
enzyme
recognition
site" refers
to the site
in a
nucleotide
sequence
that is
recognised
and cleaved
by the
primary
ratietion
enzyme. It
For some
embodiments,
the
rastriction
enzyme does
not digest
repetitive
DNA Or DNA
that is
relatively
under-repres
ented in
repetitive
DNA. This
may increase
the number
of
interpretabl
e reads. 20
SECONDARY
RES FRICTION
ENZYME As
used herein,
the team
"setamdary
restriction
enzyme"
refers to a
second
restriction 



enzyme that
is
optionally
used after
primary
restriction
enzyme
digestion,
ligation of
tress-linked
DNA,
de-cams-link
ing and
(optional)
DNA
purification
. tnt one 25
embodiment,
the
secondary
restriction
enzyme is
used to
provide
defined DNA
ends to the
nucleotide
sequences of
interest,
which allows
for the
ligation of
sequences of
known
emelchide
composition
tome
secondary
restriction
enzyme
recognition
Met Stunt
flank The
nucleotide
sequences of
interest. 30
In one
embodiment
ligation of
sequences of
known
nucleotide
composition
to the
secondary
restriction
enzyme
recognition
sites that
flank Oft.
are at each
side ur cud
of) the
nuclwatide
ft:quench of
interest
involves
ligation
under
diluted
conditions
to  favour
the
intra-molecu
lar ligation
helium the
secondary
restriction
enzyme
recognition
sites that
flank target
nucleotide
sequences
and the
finked
nucleotide
sequences of
interest,
This
effectively
results in
the
formation of
DNA circled
in which
known target
nucleotide
sequences
flank
unknown
sequences of
interest. hi
tougher
embodiment,
ligation of
sequames of
known
nucleotide
compositiont
o Me
secondary
reshiction
enzyme
recognition
sites that
flank fog.
are at each
side or end
ell the
nucleotide
sequences of
interest
involves the
addition of
nnique DNA
sequences of
known
nucleotide
composition,
followed by
ligation
under
conditions
to that
Favour
inter-molecu
lar ligation
between the
secondary
rester:thin
enzyme
recognition
sites that
flank the
nucleotide
sequences of
interest and
introduced
unique DNA
sequences of
known
nucleotide
composition
In one
embodiment,
the
secondary,
TeStliCliOn
enzyme is
chosen such
that no
secondary ti
Tenth:dun
enzyme sites
are within
about 35(1hp
fry.
350-400bp)
of the
primary
restriction
site. In
another
embodiment,
the
secondary
restriction
enzyme is
chosen such
that the
same
secondary
restriction
enzyme site
is likely to
be located
in the
ligated
nucleotide
20 sequence
(to. the
ligated
cross-lialse
d sequence).
Since the
ends of the
first
(target)
nucleotide
sequence and
the ligated
nucleotide
sequence may
be
compatible
cohesive (or
bhmt) ends,
the
sequences
may even be
Skated in
order to
circularise
the DNA.
Accordingly,
the
digestion
step is
followed by
ligation
under
diluted
conditions
that favour
intramolecul
ar
interactions
and optional
circularisat
ion of the
DNA via the
25
cornpadhle
ends.
Preferably,
the
secondary
restriction
enzyme
recoanition
site is a 4
or 5 bp
nucleotide
sequeme
recognition
site.
Enzymes that
mcognise 4
or 5 bp
smut-rates
of DNA
include, but
am not
limited to,
TspEl, Magi,
Mud, attailL
Ilpall,
FnuDll, Meet
Dpnk 



30 Mired.
Hhal,
Haelll,
Real, Tagt,
CHM, Msel,
5th132I,
Acil, Dpnll,
Sau3AI and
NIMI. In a
preferrin
embodiment
the
seconthry
restriction
enzyme is
Mall and/or
Dprill.  The
term
"secondary
restriction
enzyme
recognition
site" refers
to the site
in the
nucleotide
sequence
that is
recognised
arid cleaved
by The
secondary
restriction
enzYmet
Following
the
digestion
with the
secondary
taguiction
enzyme, a
further
ligation
reaction is
performed-
In one
embodiment
this
Wagonmention
links DNA
sequences of
known
nucleotide
sequence
composition
to the
secondary
restriction
enzyme
digestion
site of the
one or more
sequences
that are
ligated to
the target
nucleotide
10segment:a
For snme
embodiments,
the method
excludes the
step of
digesting
the
nucleotide
sequences
with a
secondary
roaricrion
=SY.. 15 For
some
embodiments,
the method
excludes
Harting one
or more DNA
sequences of
known
retzlentide
composition
to the
available
secondary
restriction
enzyme
digestion
site(s) that
flank the
one or more
nucleotide
sequences of
interest.
TERTIARY
ILESTR
ICTION
ENZYME 20 As
used herein,
the term
"Dreary
restriction
enzyme"
refers to a
third
restriction
enzyme that
eau be
optionally
used after
the
secondary
restriction
enzyme step
in order to
'incense
circularised
DNA prior to
amplificatio
n 25
Preferably,
the tertiary
restriction
enzyme is an
enzyme that
recogniacs a
Abp or more
nucleotide
recognition
site.
Pmferregy,
the tertiary
restriction
enzyme
digests the
first
(target)
nucleotide
sequence
between the
primary and
secondary
restriction
enzyme
recognig en
sites. As
will be 30
understood
by a skilled
person, it
is desirable
'that the
tertiary
restriction
enzyme does
not digest
the first
(target)
nucleotide
sequence too
close to the
primary and
sceoudarY 



rcetricticm
enzyme
recognition
sites such
that the
amplificatio
n primem.
ems no
longer
hybridise.
Accordingly,
it is
preferred
that the
tertiary
restriction
enzyme
recognition
site is
located at
least the
same
distance amy
from the
primary and
secondary
restriction
enzyme
recognition
sites as the
length of
the primer
to he used
ouch that
the
amplificatio
n primer(s)
can still
hybridise.
In a
preferred
embodnatent
the tertiary
restriction
enzymeanises
a 6-bp
sequence of
DNA.
The term
'tertiary
restriction
enzyme
recognition
site" refers
to the site
in the to
tweleotide
sequence
that is
recognised
and cleaved
by the
tertiary
restriction
enzyme.
RECOGNITION
SITE
Restriction
eruionmilegm
arc enzymes
that cleave
the
sugar-PhosPh
ate backbone
of Ii DNA_
In most
practical
settings, a
given
restriction
enzyme cuts
both strands
of duplex
DNA within a
stretch of
just a few
bases. The
substrates
for
restriction
enzymes arc
sequences of
double-stran
ded DNA
called
recognition
sites/sequen
ces.    The
length of
restriction
recognition
sites vanes,
depending on
the
restriction
enzym 21
that is
used. The
length of
the
recognition
sequence
dictates
-how
frequently
the enzyme
will cut in
a sequence
of DNA. By
way of
example, a
mmiber of
namiction
enzymes
rmognise a 4
bp sequence
of DNA. The
sequences
and the
enzyme that
recognise
the 4 by
sopa-ore of
DNA 25
include, but
are not
limited to,
AATf
('fspE1).
ACGT
(Mae11),
AGCT (AMI).
CAR: Nara),
CCOG
(tlpall),
COCO
(FnuDE),
CTAG (tMea),
GATE (Opal,
Dpnll,
Sak3A1 &
OCGC OThaO,
GCCC
(1-1.&1)),
OTAC (1-60),
TCGA (Tag),
TGCA,
(CviR1),
trAA (NMI),
CCCG
(Sth1321),
CCGC (nail)
and CCTC
(Mull) an By
way of
further
example, a
number of
restriction
enzymes
recognise s6
bp sequence
of DNA. The
sequences
and the
enzyme that
recognise
the 6
base-pair by
sequence of
DNA include,
bin axe not
limited to,
Aacarr (AM),
AAOCTI-
(Ffindfil),
AATATT
(Sup]),
ACATGT
(BspLUI11).A
CCGOT
(Age]),
ACGCGT
(hiltd),ACTA
GT (Spel),
AGATCT
(Bala),
AGCGCT
(0co47111),
AGOCCT
(stair),
AurAcr
(Seal),
ATCGAT
(Clad),
ATGCAT
(Avail),
ATTAA I
(yaid).
CAATI (Weil,
CACGTG
(ilmset),
CAOCTO
(Paul!),
CATA PG
(Ndel),
CCATGG
(MAI),
CCCGGG
(Smal),
CCGC(Ki
(Sad, CCTAGG
(Nara CGATCG
(DAD CGGCCG 



CGTACG
(Spa),
CTCGAG
((hot),
CTGCAG
(Pst1), =NAG
(AM). uAArrc
(llco111),
C,ACGTC (Asa
GAGCTCGAIN
It (F:AoRv),
(ICA IOC
(Spit!),
GCCGGC
ONA.1),
Gareth
OiseP1),
C,CTAGC
(Mel),
GGATCC
(ilamill),
GOCGCC
(Nast),
GOAKICC
(Apar).
GGTACC
(Kpulth
GTATAC
(Snot),
GTCGAC is
(Solt),
GTGCAC
(Apa1,1),
GTTAAC MusD,
TACGTA
(Snail),
TCATOA
TCCGGA
(ilspMil),
TCGCGATCTAGA
(Mint),
WA(Bell).
TGCC,CA
TGGCCA
(Ball),
TGTACA (Bspl
4071),
TTATAA (PAO
TTCGAA
(Mull) and
TTIAAA
(Ahall1). is
By way of
Rather
example,
snot
awstriedon
enzymes
recognise a]
hp sequence
of DNA, The
sequences
and the
enzyme that
recognise
the 7 bp
sequence of
DNA include,
but are not
limited An
CCTNTAGG
(Saul),
GCTNAGC
(Espl),
GGINACC
listEil and
TCGAGGA
Plot. By way
of further
example, a
number of
restrictions
enzymes
recognise an
8 bp
sequence of
IANA. The
sequences
and the
enzyme that
recognise
the thy
sequence of
DNA include,
but are not
limited tu
ATTTAAAT
(Swat),
CCTGCAtien
(Sse85871),
CGCCGGCG
(Sse232D,
CGTCGACG
(Sarni),
OCCGOOCK)
(BBL
OCOATC6X)
(Sa),
OCGOCCGC
(SOB,
GOCADCWIC
(Feel),
GGCGCGCC
(AA),
GTITAAAC 25
(Psnd) and
MAI-I-AA
(Sad). A
number of
these
enzymes
contain the
sequence CO
that may be
methylated
in vivo. A
number of
restriction
ininyncs are
sensitive to
this
methylation
and will not
cleave the
methylaipt
sequence,Hpa
l I will not
cleave the
sequence
CCIGG
whereas its
31.1
isoschizomer
hAspl is
insensitive
to this
modification
and will
cleave the
methylated
sequence.
Accordingly,
in some
instances
the
eukaryolic
methylatitin
scusitive
enzymes are
not used.
In one
embodiment a
recognition
site is a
digestion
sin       In
one
embodiment,
a
restriction
enzyme
recognition
site is a
restriction
enzyme
5digestion
site.
CIRaARISING
In
accordance
with nne
embudiment
of the
prdsent
invention,
the material
for 4C is to
prepared by
creating DNA
circles by
digesting
the 3C
template
with a
secondary
restriction
enzyme,
followed by
ligation. 



Preferably,
a secondary
restriction
enzyme is
chosen that
cuts the
that
(target)
nucleotide
sequence at
grader than
about 350bp
(eg.
350-400bp)
from the
primary 15
restriction
site.
Advantageous
ly, this
minimises a
bias in
circle
forroation
due to
topological
constraints
(Rippe at
a). (200I)
Trends in
Blacken
Sciences 26,
733-40).
Prefteably,
the
secondary
restriction
enzyme is a
frequent
cutter
recognising
a 4 or ad by
restriction
enzyme
recognition
site- Thus a
in possible
to obtain
the smallest
20
restriction
fragments
for equal
amplificatio
n
efficiencies
of all
ligated
fragments
tinting
amplificatio
n. Prior to
the
secondary
Kw,ietion
enzyme
digest and
ligation,
the DNA
template
will
comprise one
secondary
enzyme
recognition
site in the
first
(target)
nucleotide
25 sequence
located at
greater than
about
350-400bp
from the
primary
restriction
site and
another
secondary
enzyme
recognition
site located
in the
nucleotide
sequin:Re
that has
been. Untied
be in the
second
nucleotide
sequence).
Preferably,
the
secondary
restriction
enzyme
digesxinn
step is
performed
for mom than
ID 1 hour to
overnight
and followed
by
heat-inactiv
ation of the
enzyme.
Preferably,
the DNA in
this
reaction
mixture is
purified
using
conventional
merhodstits
that are
known in the
art.
Following
the
secondary
restriction
enzyme
digestion
step, a
secondary
restriction
5 enzyme
site will be
located at
theater than
350-400bp
from the
primary
restriction
site in the
first
(target)
nucleotide
sequence
aril another
secondary
restrictitim
enzyme site
will be
located in
the ligateel
nucleotide
sequence
(it. the
second
nucleotide
sequence).
Since the
aids of the
first
(target)
nucleotide
sequence and
the ligated
nucleotide
sequence
have
compatible
ends, the
sequences
can be
ligated iu
other to
eireularisc
the to DNA. 



The
digestion
step is then
followed by
ligation
under
diluted
conditions
that favour
intra-molecu
lar
interactions
and
circularisat
ion of the
DNA via the
compatible
ends. is
Preferably,
the ligation
reaction is
pertbrined
at a DNA
concentratio
n of about
I5 ng/gl.
Preferably,
the ligafion
reaction is
performedfor
moor then 1
hr (eh_ 2 3,
4 or more
bra) at
about 16-25
NI 20
Acriardingly
, following
the
filiation
reaction,
circularised
DNA may be
prepared.
the
circularised
DNA will
comprise the
recognition
sites for at
east the
secondary
restriction
enzyme or
the primary
and the
secondary
restriction
enzymes. In
circularised
DNA
eontainina
the first
(target)
nucleotide
sequence,
the primary
15
restriction
enzyme
recognition
site and the
secondary
restriction
enzyme
recognition
sites will
define the
ends of the
first
(target)
nucleotide
sequence and
the lined
nucleotide
sequence
(it. the
seemed
nucleotide
sequence).
Accordingly
the first
(target)
nucleotide
sequence and
the I' gated
nucleotide
sequence as
separated
(eg.
dividril) by
the primary
restriction
enzyme
recognition
site and the
secondary 20
reatrierion
enzyme
recognition
site.  One
or more
amplificatio
n reactions
may he
performed in
order to
amplify the
4C DNA
templates.
DNA
amplificatio
n may be
performed
using a
number of
different
methods that
arc known in
the art For
example, DNA
can be
amplified
using the
pulymcrase
chain
reaction
(Sari et
al., 1988);
ligation
mediated
SCR. Qb
replicate
amplificatio
n   10
Foster and
Mahan, 1991;
Cherverin
and Spidu,
1995;
Katanaev,
Kurnasov and
Kirin,
1995); the
Rouse chain
reaction
(LCR)
(Landegren
eta], 1988;
Barmy,
1991); the
self-sustain
ed sequence
replication
system
(Fahy. Kwoh
and Dingoes,
1991) and
strand
displacement
amplificatio
n (Walker et
al., 1992).
15 Suitably,
DNA is
amplified
using PC11,
"PCR" refers
to the
method of K.
B. Mullis
U.S. Pat,
Nos.
4,683,195,
4,683,202,
roci
4,965,188
that
describe a
method for
increasing
the
concentratio
n of a
'cement of a
I:Lucke:Ude
sequence in
a mixture of
genoroic DNA
without
cloning or
purification
_ 20 In one
embodiment
inverse FUR
is used.
Inverse FUR
(IPCR)
(dertaibed
by Ochman et
at (1988)
Genetics
120(5),
621-3) is a
method for
the rapid in
vitro
amplificatio
n of DNA
sequiraus
that flank a
region of
known
sequence.
The method
uses the
pulymerase
chain
reaction
(PM), but it
has the
primers
oriented in
the reverse
direction
Clio usual
orientation
The template
for the
reverse
primers is a
restriction
re fragment
that has
been limited
upon itself
to form a
circle.
Inverse FUR
has many
applications
in molmular
genetics,
for example,
the
amplificatio
n and
idenlificatM
n of
sequences
mod...
transposable
elements. To
increase the
efficiency
and
reproducibil
ity of the
amplificatio
n it is
preferred
that the DNA
circlo am
'theorised
before
amplificatio
n using a
tertiary
restriction
enzyme.
Preferably,
a tertiary
so
restriction
enzyme that
is a 6 bp or
more cutler
is trait
Preferably,
the tertiary
restriction
enzyme cuts
the first
(target)
nucleotide
solonw
between the
PriffinnY
and
secondary
restriction
ragtime
sites. 



Digestion of
the 3C
template
with the
secondary
restriction
enzyme,
mdional
cimulmisatio
n, ligation
(eg.
ligation
trader
diluted
conditions)
and optional
lincarisafio
n of first
(target)
nucleoli*
sequence-con
taining
circles
yields a DNA
5 template
for
amplificatio
n F'4C DNA
template").
For the
amplificatio
n step, at
least two
oligonucleot
ide primers
are used in
which each
primer
hybridism to
a DNA
sequence
that thugs
the
nucleotide
sequences of
interest In
a preferred
embodiment,
at least two
oligotweleol
ide primers
are used in
which each
10 primer
hybridises
to the
target
sequence
flanking the
nucleotide
sequences of
interest- In
one
embodiment,
the term
flank " in
the context
of primer
hythidisalio
n means that
at an one
primer
hybridism to
a DNA
sequence
adjacent one
end (eg. the
5' end) of
the
nucleotide
sequence of
intenst and
at least one
primer
hybridssa to
a DNA 15
sequence at
the other
end (eg. the
3' end) of
the
nucleotide
sequence of
interest
Preferably,
at least one
forward
primer
hybridises
to a DNA
sequence
adjacent one
end (eg The
5' end) of
the
nucleonic
sequence of
interest and
at least one
reverse
primer
hybridises
to a DNA
sequence at
the other
end (eg. the
3' end) of
the
nucleotide
sequence of
interest. 20
In a
prefemed
embodiment,
the term
"thine tome
context of
primer
hybridisatio
n means that
at least
site primer
hybridises
to a target
sequence
adjacent one
mid (eg. the
5' end) of
the
nucleotide
sequence of
interest and
at least one
primer
hybridises
to a target
sequence at
the other
end (eg. the
3' end of
flu
tholcotide
sequence of
interest 25
Preferably,
at least one
forwar prim
hybrid' to
target
equence
adjacent one
end (eg. the
5' end) of
the
nucleotide
sequence of
interest and
at least one
reverse
primer
hybridises
to a target
sequence at
the other
end Mg. the
3' cod) of
the
nucleotide
sequence of
illtelet 



St As used
herein, the
term
'jxrirner"
tettas to an
oligonucleot
ide, whether
occurring
naturally as
in a
purified
restriction
digest or
produced
syntheticall
y, which is
capable of
acting as a
point of
initiation
of synthesis
when placed
tinder
conditions
in which
synthesis of
a primer
extension
product
which is
complimentar
y to a
nucleic acid
strand is
inducut Da,
in the
presence of
nucleotides
and an
inducing
agent such
as DNA
polymmase
and at a
suitable
temper-Amin
and pH). The
primer is
prearably
single
stranded for
maximum
efficiency
in
amplificatio
n, but may
be double
strimded 5
If double
stranded,
the primer
is first
treated to
separate its
strands
before being
used to
prepare
extension
products.
Preferably.
she primer
is an
oligodroxydb
anucleotide.
The primer
must be
sufficiently
long to
prime the
synthesis of
extension
products in
the presence
of the
inducing
agent. The
exact
lengths of
the primers
ssitl depend
on many
factors,
including
temperature,
source of
grimier and
the use of
the method
to Suitably,
kw primers
will be at
least 15,
preferably
at least 16,
17. 18, 19
or 20, for
:sample at
least 25, 30
or 40
ruaileutitha
s in length.
Preferably,
the
amplifieatio
n primers
are from 16
to 30
nucleoeidcs
in length-
13
Preferably,
the primers
are designed
to be as
close as
pasHble to
the primary
and
secondary
restriction
enzyme
recognition
sites that
separate the
first
(target)
nucleotide
sequence and
the second
(captured)
nucleotide
sequence.
The primers
may be
designed
such that
they arc
within about
100
nucleotides'
such as
about 90.
80, 70. 60,
50, 40, 30,
20, 10, 9,
8, 7, 6, 5,
4, 3, 2 or 1
nucleotide(s
) away from
the primary
and
secondary
rasbicton
enzyme
recognition
sites
Suitably,
the primem
may be
designed
such that
they
partially or
completely
overlap the
primary and
secondary
restriction
enzyme
recognition
sites m
Suitably,
the
amplificatio
n primers
are designed
such that
their 3'
ends Thee
outwards
towards the
second
nucleotide
sequence. In
one
embodiment,
the
amplificatio
n may be
combined
with the
addition of
additional
sequences to
the ends of
Ifse
amplified
product,.
Preferably,
these
additional
supences 30
are adapter
sequences
required for
high-through
put
sequencing.
Suitably,
primers
contain an
overhang (en
a 5'
overhang).
Suitably the
ovenhang
adds part of
or die
complete
adapter
sequence
required for
highabroughp
ut
sequencing
Suitably,
primers
contain an
overlong
(eg. a 5'
overlamg)
that adds
part of, or
the complete
sequence
used to
prime the
section-Mr
reaction in
high-through
put
seaueming.
AccardinglY.
one
embodiment,
the primers
overlap
partially or
completely
with the
primary
ander
secondary
restriction
enzyme
recognition
sites with
the adapter
and
sequence-pri
ming 



5 steuences
added as 5'
ovethangs to
the primer.
In addition
or in the
alterative,
the primers
contain' a
conjugated
moiety (eg
biotin) that
allows
subsequent
separation
of PCR
products
from list
genomic
41.1.
template. -
If the
amplificatio
n method
that in used
is inverse
PER, then it
is preSernsi
that the 10
amplificatio
n reactions
are carried
out on about
100-400 ng
of DNA of 4C
to-melte
(per about
its al OCR
reaction
mix) or
other
amounts of
DNA for
which
replicate
OCR
reactions
give
reproducible
results (see
Figure 1)
and include
a maximum
number uli
ligation
Elena per
OCR
reaction. 15
Preferably;
the inverse
PON
amplificatio
n reaction
is performed
rising the
Expand Long
Template PCR
System
(Roche),
using Buffer
1 according
to the
manufacturer
's
instructions
. 10 The
term "omit"
its used
herein,, has
its natural
meaning. A
sample may
be any
physical
entity
conevising
DNA that is
or is
capable of
being
cross-linked
. The sample
may be or
may be
derived from
biological
material. as
The sample
may be or
may be
derived from
ore of more
entities
-such as one
or more
cells, one
or more
nuclei, or
one or more
tissue
samples. The
enables may
be or may be
derivable
from any
entities in
which DNA -
such as
chromain is
present. The
sample may
be or may be
delived from
one or more
isolated
cells or one
or mom
isolated
tissue
samples, or
one or more
isolated
nuclei. 30
The samples
may be or
may he
derived from
diseased
aradior
non-diseased
subjects.
The sample
may be or
may be
derives!
from a
subject that
is suspected
to be
suffering 5
from a
disease. The
sample may
be or may be
derived from
a subject
that is to
be tested
for the
likelihood
that they
will suffer
from a
disease jets
future- 10
The sample
may be or
may he
derived from
viable or
mom-viable
patient
material.
The fixation
of cells and
tissues for
use in
prerenine
the 3C
template is
described in
detail in
Splinter
eta!-.
(2004)Methai
s &argot 371
491-507. 15
1 ABEL
Preferably,
the
nucleotide
senueaccs
(eg.
amplified OC
DNA
templates.
printers or 



probes etc.)
are labelled
in order to
assist in
their
downstream
applications
- such as
array
hybridisatio
n By way of
example, the
4C DNA
templates
may be
labelled
using 20
random
priming or
nick
trtareslatio
n. A wide
variety of
labels (eg.
reporters)
may be used
to label the
nucleotide
sequences
described
herein,
particularly
during the
amplificatio
n step.
Suitable
labels
include
rathenuelide
N enzymes,
fluorescent,
themilumines
cent, or
elimmogenic
agents as
well 25 ELS
substrates,
cofactors,
inhibitors,
magnetic
Panicles and
the Mks-
Patents
Teaching the
use of such
labels
include
CS-A-3817837
;
US-A-3850752
;
1JS-A-393935
0;
US-A3996345;
US-A-4277437
; US-A-4275
149 and
US-A-436624L
Ada-Moat
labels
include hut
sae not
limited to
li-galactoef
t so,
32-2.32.5e2
green 30
lletoreseent
protein.
Inciftrase,
chlorampheni
ail,
acetyltransf
erase,
p-aluturomid
ase,
exo-glucanan
and
glercoamylas
e.
fluorescent
labels may
also be
used, OS
well at
fluorescent
reagents
specifically
synthesised
with
particular
chemical
properties.
A  wide
variety of
ways to
measure
fluorescence
am
available.
For example.
some
fluoneseent
labels
exhibit a
change in
excitation
or emission
spectra,
some exlibil
resonance
energy
transfer
where one
fluorescent
reporter
looses
fluorescence
, while a
second gains
in
fluorescence
, some
exhibit a
Loss
(quenching)
or
appearance
of 5
fluorescence
, while some
report
rotational
movements In
order to
obtain
sufficient
material for
labelling,
multiple
amplificatio
ns may he
pooled,
instead of
increasing
the number
of
amplificatio
n cycles per
reaCtiOn. 



Alternativel
y, labelled
nuoleotider
can be
incorporated
in to the
last cycles
of the 10
ampliffutiou
reaction
(e.g. RI
cycles of
PCR (no
label) + 10
cycles of
PCR (phis
label)).
ARRAY 15 in
a
particularly
advantageous
embodiment
the 4C DNA
templates
that are
prepared in
accordance
with the
methods
described
herein tan
be
hybridised
to an army.
Accordingly,
array (eg.
micro-army)
technology
can be used
to idengfy
nucleotide
sequences -
such as
genomic
fragments -
that
frequently
share a
nuclear -ite
with a first
(target)
mmleotide
sequence. 20
Existing
arrays -
such as
expression
andigenornic
annys - cart
be used in
accordance
with the
preset(
invention.
However, the
present
imitation
also seeks
In provide
novel arrays
(eg. DNA
arrays) as
described
herein, 25
An "away" is
an
intentionall
y treated
collection
of nucleic
acids which
can be
prepared
either
syntheticall
y or
biosynthetic
ally and
screened for
biological
activity in
a variety of
different
formats (ere
libraries of
soluble
molecules;
and
libraries of
oligos
tethered to
insin beads,
silica chips
or offer
solid
supports).
Additionally
, the term
"array'
includes
those
libraries of
nucleic
acids which
can be
prepared by
30 spotting
nucleic
acids of
essentially
any length
(en., from 1
to about
1000
nucleotide
monomers in
length) onto
a substrate.
Array
technology
and the
various
techniques
and
applications
associated
with it is
described
generally in
numerous
textbooks
and
dricument.
These
include
Lemieux et
aL, 1998,
Molecular
Breeding 4,
277-289,
Schein and
Davis.
Parallel
Analysis
with
Biological
Chips. in
PCR Methods
Manual (eds.
M. hub, D.
Collard,
&dads),
Schema and
Davis, 1999,
Genes,
Genomes and
Chips. In
DNA
Microceraym
A Practical
Approach
(ed. M.
Schema),
Oxford
University
Press,
Oxford, UK,
1999), The
Chipping
Forecast
(Stuart
Genetics
special
issue;
Ternary 1999
Supplement,
Mark Schena
(Bali,
Microarray
Biochip
Technology,
(Eaton
Publishing
Company),
Cones, 2000,
The
Scientist
14[117b25,
Gwyrum and
Page.
Microarray
analysis:
the 10 /MU
revolution
in molecular
'biology.
Science,
1900 August
6; and
Eakins and
Cat, 1999,
!rends in
Morechnology
, 17,
217-218.
Array
technology
overcomes
the
disadvantage
s with
traditional
methods in
molecular
biology,
which
generally
work on a
one gene in
one
experiment'
bash,
resulting in
is low
throughput
and the
inability to
appreciate
The "whole
picture" of
gene amnion
Currently,
the major
applications
array
Technology
include the
identificati
on of
sequence
(gene/gene
mutation)
and the
determinatio
n of
expression
level
(abundance)
of genes.
Gene
expression
profiling
may makr We
of array
technology,
:nationally
in
combination
with
proteemics
trrimitiut
(Celia et
al, 2000,
FESS Leer,
48001:2-16;
20 Lockhart
and
Winzeler,
2000, Nature
405(6788):12
7-836; Khan
is at.,
1999,
20(21:223-9)
, Other
applicairms
of any
technology
are also
koorm in the
art for
example,
gene
diserwery,
cancer
research
(Marx, 2000,
Science 289:
1670-1672;
Scherg is
al, 2non,
Nat
Genet:24(3)2
36-44: Ross
at Ed, 2000,
Nat Genet.
2000 Mar;
24(3):227-35
), SNP
analysis
(Wang at
al., l998,
Science,
280(5366):10
77-84 25
drug
discovery;
pbarmacogenc
rmics,
disease
diagnosis
(for
example,
utilising
mie7oRuidies
devices:
Chemical &
Engineering
News,
February 22,
1999,
77(t):2736),
toxicology
(Rnekett and
Dix (2000),
Nenobiatied,
,30(2):355-7
7: Mani et
1999, Cancer
Rest59(19):4
759-60) and
toxicogenomi
cs (a
-hybrid of
functional
genomics and
molecular
toxicology).



311 In
general, any
library may
be arranged
in an
orderly
manner Mtn
an array, by
spatially
separating
the members
of the
library
Examples of
suitable
libraries
for arraying
include
nucleic aid
libraries
(including
DNA, elndA,
oligooacleol
ide, etc
libraries),
peptide,
polypeptide
and protein
henries, as
well as
libraries
comprising
any
molecular,
sorb as
ligand
libraries,
among imberv
5 The
samples
(e.g.,
members of a
library) are
generally
fixed or
immobilised
onto a solid
phase,
preferably a
solid
substrate,
to limit
diffusion
and admixing
of The
samples. In
a preferred
embodisnan,
libraries of
DNA binding
ligands may
be prepared.
ln
particular,
the
libraries
may be
immobilised
to a
substantiall
y planar
solid phase,
including
membranes
and
non-porous
substrates
stela as
plastic and
glass. It
Furthermore,
thc samples
are
preferably
arranged in
such a way
TIM indexing
(i.e.,
reference or
access to a
particular
sample) is
facilitated.
Typically
the samples
are applied
as spots in
a grid
formation.
Common assay
systems may
be adapted
for this
purpose. For
example, an
array may be
immobilised
on the
surface of a
mieroplate,
either with
multiple
samples in a
well, or
with a
single
sample in
each well. 5
Furthermore,
the solid
substrate
may be a
membrane,
such as a
nitrocellulo
se or nylon
membrane
(for
example,
membranes
used in
blotting
experiments)
.
Alternative
substrates
include
glass, or
silica based
substrates.
Thais, the
samples are
immobilised
by any
suitable
method
laicism in
the arc for
example, by
charge
interactions
, or by
chemical
coupling to
the walls or
bottom of
the wells,
or the
eurthce of
the
membrane, 20
Other means
of arranging
and foxing
may be used,
fur example,
pipet*,
drop-touch,
piezoelectri
c means,
iuk-jet and
hubblejet
teelmolagy,
electrostati
c
application,
etc. In the
ease of
silicon-base
d chips.
photolitbucs
aphy may be
utilised to
arrange and
fa the
samples on
Ilk chip. 25
The samples
may be
arranged by
being
'spotted"
onto The
solid
substrate;
this may he
done by hand
or by making
use of
robotics to
deposit the
sample. In
general,
arrays may
be described
as
manmarrays
or
miemarraya,
the
difference
being the
size of the
. sample
spots.
Maeroarrays
typically
contain
sample spot
sizes of
about 300
microns or
larger and
may he
easily
imaged by
existing gel
and blot
scanners.
The sample
spot 30sizes
in
microarrays
are
typically
less than
200 microns
in diameter
and Iles,.
strays
usually
contain
thousands of
spots. Thus,
raieroarmys
may require
specialized
robotics
and imaging
equipmmil,
which may
need to be
custom made.
Instrumenttr
ann is
deathbed
generally in
a review bat
Cortese,
2000, The
Seientiw
14[11126.
Techniques
der
producing
irmnobiliad
libraries of
DNA
molecules
have been 5
described in
the art.
Generally,
most prior
art methods
described
how to
*Tait-Sise
single-stran
ded nucleic
acid
molecule
libraries,
using for
example
masking
techniques
to build up
various
permutations
of sequences
at the
various
disciste
positions on
the solid
substrate.
U.S. Patent
No.
5,837,832
describes
air improved
method for
producing
DNA arrays
immobilised
to silicon
substrates
based on
very large
scale 



It mtegraion
technology.
In
particular,
US. Patent
No.
5,837,832
describes a
strategy
called
"tiling" to
synthesise
specific
sets of
pubes at
spatially-de
fined
locations on
a substrate
which may be
used to
produced the
immobilised
DNA
libraries of
the present
invention.
U.S. Patent
No.
5,837,832
also
provides
references
for earlier
technithes
that may
also be
used. Arrays
may also be
built using
photo
deposition
chemistry.
Arrays of
peptides (or
peptidomimet
ies) may
also be
synthesised
on a suffice
in a manner
that Name
each
distinct
library
member
(e.g.,
unique
peplide
sequence) at
a discrete,
predefined
location in
the array.
The identity
of each
library
member is 20
determined
by its
spatial
location in
tha, array
The
locations
incite array
where
binding
interactions
between a
pedetamined
molecule
(e.g., a
target or
probe) and
reactive
library
members
ocean is
determined,
thereby
identifying
the
sequences of
the reactive
library-
members on
the basis of
spatial
location.
Three
methods are
described in
U.S. Patent
No.
5.143,854;
W090115070
and
W092/10092;
Fodor at a/.
(1991)
Science, 25
251: 767;
Dower and
Fodor
(1991).4nd
Rep. Med.
(71mm.,
26:271. To
aid
detection,
labels arc
typically
used (as
discussed
above) -
such as any
readily
detectable
reporter,
for example,
a Mammoth,
biolummeseun
i
PhosPholunau
M
ralitinclive
, etc
reporter.
Such
reporters,
their
detection,
coupling to
targets/prob
es, etc are
discussed
elsewhere in
this
document. I
shelling of
probes and
targets is
also ID
disclosed in
Shalon et
al., 1996,
Genome Res
6(71639-45.
Specific
examples of
DNA arrays
are as
follow:
Format L
probe DNA
(500-5,000
bases lung)
is
immobilized
to a solid
surface such
5 as glass
using robot
sporting and
exposed to a
set of
targets
either
separately
or in a
mixture.
this method
is widely
considered
as haying
been
developed at
Stanford
1_10Am:thy
rains and
Chu, 1999,
'Sluts tn
Blotechnolon
v, 1999, 17,
217.218).
Formatma
array of
thennucleati
das
(20-25-mer
clips,
preferably,
40-60 mer tO
Winos) or
peptide
nucleic acid
(UNA) probes
are
synthesised
either in
situ
(on-chip) or
by
convenfithal
synthesis
followed toy
on-chip
immobilizati
on. The
array is
exposed to
labelled
srunge DNA,
hybridised,
and the
itiettity/ab
undance of
complementar
y sequences
are
determined-
Such a DNA
chip is sold
by
Affymstrix,
Lae., under
Ole
Gensrflipth
trademark.
Agilent and
Ninthlegen
also provide
suitable
ruTays (eg.
geomnic
tiling
arrays).
Examples of
some
commercially
available
microthay
formats an
set out in
lable 1
below (see
also
Marshall and
Ilotthson,
1991, Praire
Biotechnolog
y, 6(1),
27-51). 



ComPang
Product OM.
Arraying
method
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Table 1:
Examples of
currently
available
hybridizatio
n microansay
finals In
order to
generate
data from
mfiry-based
assays a
dgual is
detected
that
signifies
The presence
of or
absence of
hybridisatio
n betwoun a
probe and a
nucleotide
sequence. 5
The present
invention
further
confinnplatt
a direct and
indirect
labelling
tecimiques.
For example,
direct
labelling
incorporates
fluorescent
dyes
directly
into the
nucleotide
sequences
that
hybridise to
the array
associated
probes
(e.g., dyes
are
hwy./idled
into
nucleotide
sequence by
enyymatic
synthesis in
the presence
of labelled
nucleotides
or . PCP
primers).
Direct
labelling
schemes
yield strong
hybridisatio
n signals,
typically to
using
families of
fluorescent
dyes with
Similar
chemical
structures
alld
characterist
ics, and are
simple to
implement.
In preferred
embodiments
comprising
direct
labelling of
nucleic
acids,
cyanine or
alexa
analogs are
utilisol in
multiple-tit
tor
comparative
array
analyses In
other
embodiments,
indiptet
labelling
schemes can
be utilised
Is
incorporate
epitopes
into the
=chic acids
either prior
to or after
hybridisatio
n to the is
nricroarray
probes. One
or more
staining
procedures
and reheats
arc used to
label the
hybridised
complex
(eg., a
fluorescent
molecule
that binds
to the
epitopes,
thereby
providing a
fluorescent
signal by
virtue of
the
conjugation
of dye
molecule to
the epitope
of the
hybridised
speeim). 20
Data
analysis is
alSO an
important
part of an
experiment
involving
arrays. The
raw data
from an army
experiment
typically am
images,
which need
to be
transformed
into
matrices -
tables where
rows
represent
for example
genes,
columns
wpm:seat for
example
various
samples such
as tissues
or
experimental
conditions,
and numbers
in each cal
for example
characterise
the
expression
of a
particular
sequence
(preferably,
25 a second
sequence
that has
ligated to
the first
(target)
nucleotide
sequence)
ill the
particular
sample.
These mariew
have to he
analysed
fluter, if
any
knowledge
about the
underlying
biological
processes is
to be
extracted.
Methods of
data
analysis
tincluding
supmeised
and
=supervised
data
analysis as
well as
bioinformati
as
approaches)
are
disclosed in
Brazma and
Vito J
(2000) FEISS
lett
480(1):17-24
. 30  that
is enriched
far small
stretches of
sequences
with a
distinct
signal are
ig slimming
the
nucleoli&
seminar-a
between the
primary
restriction
enzyme
recogmiticm
site that
was ligated
during he 3C
procedure to
the first
(target)
nucleotide
sequence,
and their
respeogye
neighbouring
secondary
maniciiim
enzyme
recognition
sites. A
single anay
may comprise
multiple
(eg. two or
more) but
sequences.
CE,Qa$,Q111E
MAP to There
is further
described
herein a
method
involving
the
characteriza
tion of DNA
fragments
cross-liolmi
l as a
consequaace
of their
spatial or
physical
proximity,
for the
purpose of
the
(rThconstruc
tion of
chromosome
maps (eg.
linear
chromosome
maps) and
the
diagnostic
identificati
on of
changes in
these
chromosome
maps. Is
Advantageous
ly, sixth
techniques
can be
applied Thr
diagnostic
pmposes -
such as to
reconstruct
physical
chromosome
maps aud to
identify
changes in
these maps
as a
consequence
of genomic
rearrangemen
ts. 



The
methodology
can also he
used to
identify
(natural)
genomic
variation
That is nut
20
necessmily
associated
with disease
but may
predispose a
subject to a
certain
trail (r.g.
a mental or
hetutviThral
trait)._ In
one aspect
thew is
provided a
method for
constmeting
at least one
Linear
chromosome
mop of as
individual
comprising
the steps
of: (a)
providing a
nucleic and
th sample
from mid
individual;
(b)
cross-linkin
g the
nucleic acid
in Thid
sample; (r)
diaoating
the nucleic
aid with a
pOmary
restriction
enzyme; (d)
ligating the
cross tinged
nucleotide
sequences;
(e)
reversing
the moss
linkins  (f)
analyzing
the ligation
producis;
(g)
constructing
at least one
linear
chromosome
map; arid
(ID
identifying
one or more
genomic
rearrangemen
ts in the
linear
chromosome
map of said
individual.
30 In a
further
aspect,
there is
provided a
method for
diagnosing a
disease or
identifying
a trait
caused by
one or more
somatic
reamingenten
ts in a
chromosome
comprising
the  steps
of: (a)
digesting a
sample of
cross-linked
DNA with a
mirth
restriction
enzyme; (b)
ligating the
cross Linked
nucleotide
sequences;
(e)
reversing
the cross
linking; (d)
analysing
the ligation
products;
(e)
constructing
at least one
linear
chromosome
map; (f)
identifying
one or mom
genomic
rearrangemen
ts in the
linear 5
chromosome
map; and (g)
correlating
the one or
more genre
nearraneemen
ts with a
disease CP a
trait PROBES
10 As used
herein the
term 'probe"
refers to a
molecule
(e.g., an
oligonucirid
e, whether
occurring
naturally as
in a
purified
reabietion
digest or
prodared
syntheticall
y,
recombinathl
y or by PCR
amplificatio
n), that is
capable of
hybridising
to another
molecule of
interest
(e.g.,
another
oligonucleol
ide). When
probes are
oligonuelcot
ides they
may he
single-stran
ded or
doable-stran
deth Probes
are useful
in Is the
detection,
identificati
on and
isolation of
particular
targets
(e.g., gene
sequences).
As described
herein, it
is
contemplated
that probes
used in the
present
invention
may be
labelled
with a label
so that is
detectable
ha any
detection
eysleak
bactudine,
but not
limited to
enzyme (ng.,
ELISA, as
well as
rpm-based
histochemica
l assays),
fluorescent,
radioactive,
and
luminesmnt
systems.
With respect
to rays and
microarrays,
the term
"probe" is
used to
refer to any
hybridisabk
material
that is
affixed to
the array
for the
prase of
detecting a
nucleotide
sequence
that has
hybridised
to said
probe-
Preferably,
these probes
are 25- 60
mars or
longer. 25
Stratethes
for probe
design are
described
.iu
tVO9i/lltlOS
, NP 717,113
and
W097(29212. 



Since 4C
allows an
unbiased
genome-wide
search for
interactions
, it is
advantageous
30 to
prepare an
array with
probe:
interrogatin
g every
possible lay
uniquethothn
thetitive)
primary
restriction
enzyme
recognition
site in the
guar. Thus,
array devign
only
depends cm
the choice
of primacy
restriction
engine and
rlot on the
actual first
or secondary
nucleotide
sequences.
Whilst
exiting
arrays can
be used in
accordance
with Om
present
invention,
it is 5
preformed to
use
alternative
configuratio
ns. In one
configuratio
n, one or
mom probes
On the army
are designed
such that
they con
hybridise
close to the
silts that
are digested
by the
primary
restriction
maymc. More
preferably,
the probe(s)
are within
about 20 bp
of the
printery
restriction
enzyme
recognition
cite. More
preferably,
the probe(s)
am within
about 50 bp
of the
primary
restriction
enzyme
recognitimi
site.
Suitably,
the probe(s)
are within
about 100 bp
(eg. about
0-100 bp,
about 20-100
bP) of the
primary
restriction
enzyme
recognition
site. In a
preferred
configuratio
n, a single,
routine,
probe is
designed
within 100
bp at each
side of the
sites that
are digested
by the
primary
restriction
enzyme. 15
In another
prefurmd
configuratio
n, the
positions of
sites
digested by
the
secondary
restriction
mzyme
relative to
the
positions of
tiles
digested by
the primary
restriction
sites are
taken into
=omit In
this
configuratio
n, a single,
unique,
probe is
designed
only at each
side of the
Sites
digested by
the primary
restdcti n
uzymc that
ha th
nearest
secondary
restriction
enzyme
recognition
site at a
dictums
large enough
for a 20
probe of a
given length
to be
designed in
between the
primary and
secondary
restriction
enzyme
recognition
site. Ill
this
configuratio
n, Mr
example, no
probe is
designed at
the side of
a particular
primary
manic-born
enzyme
recognition
site Ma has
a secondary
restriction
enzyme
recognition
site within
10 bpat that
same side.
hi another
configuratio
n, the
probes on
the array
are designed
such that
they ern 25
hybridise at
either side
of the sites
that are
digests' by
the primary
restriction
enzyme.
Suitahly, a
single probe
at each side
of the
primary
restriction
enzyme
recognition
site can be
med.  In yet
another
configuratio
n, two or
more probes
( e g , 3,
7. 7,6, 7 Or
toe Wore) Ow
he designed
at each side
of the
primary
restriction
enzyme
recognition
site, which
win 



then be used
to
investigate
the stone
ligation
event For
the number
and position
of 5 probes
relative to
each primary
restriction
enzyme
recognition
site the
exact gnomic
location of
its
neighbouring
secondary
restriction
enzyme
recognition
site canter
taken into
account In
yet another
configuratio
n, two or
more probes
(eg. 3,4, 5,
6, 7 or 8 or
more) can be
le designed
near each
primary
restriction
enzyme
recognition
site
inespective
of the
nearest
secondary
restriction
enzyme
recognition
site. In
this
configuratio
n, all pobea
should still
be close to
the primary
restriction
enzyme
recognition
sites
(preferably
within 300
be ofThe
restriction
site). In
Advantageous
ly, the
titter
design and
also the
design that
uses I probe
per (side of
a) primary
rustticli
enzyme
recognition
site, allows
'the use of
different
secondary
restriction
enzymes in
combination
with a given
primary
remtiction
enzyme.
Advantageous
ly., the use
of multiple
(eg. 2, 3,
4, 5, 6, 7
or t or
more) gmhers
per 20
primary
restriction
enzyme
recomiition
site can
minimise the
problem of
obtaining
false
negative
results due
to poor
perforrnance
of
individual
probes.
Moreover, it
can also
increase the
reliability
of data
obtained
with a
single chip
experimmt
and reduce
the number
of arrays
required to
draw
statisticall
y some
cunclusiuns.
25 The
probes for
use in the
army rosy be
greater than
40
nucleotides
in length
and may be
isoehermal.
Preferably,
probes
containing
repetitive
DNA =qualms
are =eluded.
30 Probes
diagnostic
for the
restriction
sit= that
direcf y
flank or are
near to the
first
nucleotide
sequence are
expected to
give very
strong
hybridisatio
n signals
and may also
be excluded
from the
probe
design.  The
essay may
cover any
genuine
including
mammalian
(eg, human
mouse (ee.
uhromosome
7)),
vertebrate
(e.g.
gebrafisbn,
or
non-veriebra
tc (es.
bacterial,
yeast, Masai
or insect
(eg.
Drosophila))
genomes. 5
In a further
preferred
embodiment,
the army
contains 2-6
probes
around every
unique
primary
restriction
site and as
close as
possible to
the site of
restriction
enzyme
digestion.
to
Preferably-,
the marcimum
distance
from the
site of
restriction
enzyme
digestion is
about 300
bp. in a
further
preferred
embodiment
of the
penent
isseatirin,
arrays for
rustrktion 



enzymes -
such asErogh
BOIL and
Notl - that
cover
themammalian
or non- in
mammalian
genomes are
provided.
Advantageous
ly, the
design of
the arrays
described
herein
chtimivent
the need to
re-design
arrays for
carry
-target
sequence,
provided
analysis is
performed in
the same
species.
ala(flit( ES
20 As used
herein, the
term "set of
probes"
refers to a
suite or a
collection
of probes
that
hybridise to
each One of
the primary
restriction
enzyme
recognition
sites furs
primary
restriction
enzyme in a
genome. 25
Accordingly,
there is
provided in
a farther
asp...I, a
set of
probes
complementar
y in
sequence to
the nucleic
acid
sequence
adjacent to
each one of
the primary
restriction
enzyme
recognition
sites for a
primary
restriction
enzyme in
genumic DNA_
Suitably,
the set of
probes are
complementar
y in
sequence to
Om first
25-60 (eg.
35-60, 30
45-60, or
50-60) or
more
nucleotides
that an:
adjacent to
each one of
the primary
restriction
enzyme
recognition
sites in
gnomic DNA.
The set of
probes may
he
complementar
y- in
sequence to
one fig.
either) side
or both
sides of the
primary
resaction
enzyme
recognition
site.
Accordingly,
the Probes
may he
complementar
y hi
sequence to
the nucleic
acid
sequence
adjacent
etch side of
each one of
the primory
restriction
wayme
recognition
ales in the
genomie DNA.
5 iris also
possible to
defuse a
'window (es.
300bp or
less- such
as
25069,2001a,
130bp or
100bp - from
the primary
restriction
enzyme
iceognitiem
site) in
which one or
more probes
for the set
can he
designed.
Such factors
that are
important in
defining the
window
within which
to design
the probes
are, for
example,
GC-contest
absence of
palindmmic
sequences
that an form
hairpin
structures,
maximum size
to stretches
of a 10
single type
of
nucleotide.
Awardingly,
thee act of
rains can be
compensatory
in sequence
to the
nucleic arid
sequence
that is less
than 300bp
from each
one of the
primary
restriction
enzyme
recognition
sites in
genomic DNA.
It is also
possible to
defuse a
window of
about 100 bp
from the
primary
restriction
15 enzyme
recognition
site in
order to
identify
optimal
probes near
each
restriction
site. 



P nigher
embodiments
of the
present
invention,
the set of
pmbes are
complementar
y to the
sequence
that is less
then 300 bp
from each
one of the
primary
resident:in
enzyme
TeCO03111011
sites in
genoorie
DNA,
complementar
y to the
sequence
that is 10
between 200
and 300 bp
from each
one of the
primary
warier on
enzyme
recognition
sites tel
genuine DNA
andar
complementar
y to the
sequence
that is
between 100
and 200 bp
from each
one of the
primary
restriction
enzyme
recognition
sites in
grannie DNA.
25 In
further
embodiments
of the
present
invention,
the sot of
probes are
complementar
y to the
sequence
tb.ai is
from 0 to
300 bp from
each one of
the primary
restriction
enzyme
recognition
sites in
genomk DNA,
complementar
y to the
sequence
that is
between Ito
an bp from
each one of
the primary
restriction
enzyme
recognition
sites in
anomie TINA
andfor
complementar
y to the
sequence
that is
between 00
100 bp 30
from earl
one of the
primary
restriction
enzyme
reeognition
sins in
gems& DNA
(og. about
10, 20, 30,
40, 50, 00,
70, 80 or 90
bp from each
one of the
primary
restriction
enzyme
recognition
sites in
genomic
DNA). 65
Two or more
probes may
even be
designed
that are
capable of
hybridising
to the
sequence
adjacent
each primary
rest ntion
enzyme
recognition
site in the
gtmemic DNA.
The probes
may averLap
or partially
mitten. If
the pmbea
overlap then
the overlap
is
preferably,
less than 10
nucleoticka.
Pat foonents
representing
the fast
1-300
nucleotides
roll 1-20,
1-40,
1-60,1-00.
Ito100,
1-120,1-140.
1-100,1-180,
1-200,
1-220,1-240,
I -260 or
1-280
nucleotides)
that flank
each primary
restriction
may=
recognition
site can
also housed.
PCR
fragments
may also be
used as
probes that
exactly
correspond
to lamb
finlmmia
site that is
flanked by
the primary
restriction
enzyme
recognition
site and the
first 15
neighboring
second
restriction
enzyme
recognition
site.
Accordingly,
the probe
sequence may
correspond
to all or
part of the
sequence
between each
one of the
primary
',striation
enzyme
recognition
sites and
each one of
the first
neighbouring
secondary
restriction
enzyme
recognition
sites 20
Typically,
the probes,
array of
probes or
set of
probes radii
be
immobilised
on a
support.
Supports
(eg. solid
supports)
can be made
of a variety
of materials
- such as
glass,
silica,
plastic,
nylon or
nitrocellulo
se. Supports
are
preferably
rigid and
have a
planar
surface.
Supports
typically
have from
about
1-10,000,000
discrete
spatially
addressable
regions, or
coils.
Suppuns
havbsg about
10-1,000,000
or about
100- 



25 100,000
or about
1000-100,000
cells axe
common. The
&Laity of
cells is
typically at
least about
1000,
10,000,
100,000 or
1,000,000
cells within
a square
centimeter.
In some
supports,
all cells
age occupied
by pooled
mixtures of
probes or a
set of
probes. In
other
supports,
some mills
are occupied
by pooled
mixtures of
probes or a
set of
probes, and
other tolls
are
occupied, at
least to the
degree of
purity
obtainable
by 35
synthesis
methods, by
a tingle
type of
oligonnelooL
ide.
prethnb1 she
array
described
heroin
comprises
more than
one probe
per primary
restriction
enzyme
recognition
she, which
in the case
of a 6 bp
cutting
restriction
methane
ocean, liar
example,
approximatel
y 750,000
dunes per
human or
mouse gmome
5 For a
restriction
enzyme
recognising
a >6 hp
recognition
seggrocer a
single array
of about 2 x
750,000
probes can
be used to
cover, for
example, the
complete
human or
Mouse gmome,
with I probe
at each side
of
eachmid:Am
site to In a
preferred
array
design, the
total number
of probe
molecules of
a given
nucleotide
sequence
present on
the array is
in large
excess to
homologous
fragments
present in
the 40
sample to he
hybridized
to such
array. Given
the nature
of 40
technolooy,
fragments
representing
genornic
regions
close to tha
analyzed
mekotide
sequence on
the linear
chromatin
template
will be in
large excess
in The 40
hybridizatio
n sample (as
IS described
in Figure
2). To
obtain
quantitative
information
about
hybridizatio
n
etlidencies
of such
shutout
fragments,
it may be
necessary to
reduce the
remount of
sample to be
hybridized
and/or
increase the
numbree of
molecules of
a given
oligonueleot
ide sequence
probe on the
array. 20
Thirs, for
the
detection of
regulatory
DNA elements
that
frequestly
contact, for
example, a
gene
promoter
element it
may be
nexessary to
use so array
with pmhes
that
represent
only the
selected
benumb:
region (eg
about n.s-to
Mb), but
with each
unique probe
present t m
kith Dg.
about 100.
200, 1(00)
positions on
the army.
Such designs
may also be
preferred
for
diagnostic
purposes to
detect local
(cg. within
about 10
10b)
genornie
rearrangemen
ts - such as
deletions,
imersions,
duo/lathers,
etc.- around
a site (e.g.
gene of
inkiest). I
he array may
comprise
about 3s
750,000
probes, 4 x
750,000
probes, Is'
750,000
probes, or
preferably,
6 x 750,000
probes. Mom
preferably,
the array
comprises 6
x 311
750,000
probes with
2, 3,4, 5,
6, 7 or 8 or
more probes
at each side
of each
restriction
she. Most
preferably,
the army
comprises 6
a 750,000
probes with
3 probes at
each side of
mach
restriction
site.
Arrays of
probes or
sets of
probes may
be
synthesisol
in a
step-by-step
manner on a
support or
am be
attached in
presynthesim
a form. Oar
method of
synthesis is
VI SIPS.TM.
(as
described in
US 5,143,854
and EP
476,014),
which
entails the
use of 5
light to
direct The
synthesis of
oligonucleot
ide probes
in
higla-densit
y,
miniaturised
arrays.
Algorithms
for design
of masks to
reduce the
number of
synthesis
cycles are
described in
ITS
5,571,639
and US.
5,593,839.
Arrays can
also be
synthesised
in a
combinatoria
l fashion by
delivering
monomers to
cells of a
support by
mechanically
constrained
flowpaths,
as described
in EP
624.059.
Arrays can
also tar
synthesised
by 



10 spotting
reagents on
to a summon
using an ink
jet printer
(sec, for
example, EP
729520). In
the context
of the
pre,sent
invention,
the terms
"substantial
ly a set of
probes"
"substantial
ly the array
of probes"
means that
the set or
the amty of
probes
comprises 15
at least
about 50,
60, 70, 80,
90, 95, 96,
97, 98 or
9914 of the
full or
complete set
or array of
probes.
Preferably,
the son or
the array of
probes is a
full or
complete set
of probes
(M. 100%).
In a
pin:fared
embodiment,
the any
comprises a
single
unique pmhe
per aide of
each io
primary
restriction
enzyme
recognition
site that is
present in a
given
genom.e. II
this number
of probes
exceeds the
number of
probes that
can be
contained by
a single
azray, the
array may
preferably
still
contain a
representati
on of the
complete
genonae of a
given
species, hut
at tower
resolution,
with for
example one
out of every
2, 3, 4, 5,
6, 7, R, 9
to, le, 10i,
to etc.
probes as
ordered on
the linear
chromosome
template 15
present on
the array.
Such arrays
that cover
the complete
human, a
other,
guanine at
sub-optimal
resolution
may be
preferred
over
high-resolut
ion arrays
that cover
part of the
same genome,
for example
in cases
where
translocatio
n partners
are in he
found.
Preferably,
the
representati
on of the
complete
femme of a
given
species at
Iowa SO
resolution
is obtained
by probes en
the array
that each
represent a
angle
restriction
fragm I
Wined after
digestion
with a
primary
restriction
ettzmiac.
Preferably,
Ibis is
obtained by
ignoring
every
second,
third,
rianth,
liftill,
sixth,
seventh,
eighth,
ninth,
tenth,
twentieth,
thirtieth,
fortieth,
fillieth,
sixtieth,
seventieth,
eightieth,
ninetieth,
or one
lamdredila
cg. second
to one
hundredth)
etc. probe
Peat
hybridism to
the same
restriction
fragment
Preferably,
the
representati
on of the
complete
demote ref a
given
species at
lower
resolution
comprises
probes that
arc
distributed
equally
along the
linear
chromosome
templates.
Prefembly,
this is
obtained by
ignoring one
or moat
probes in
those
genomic
regions that
show highest
probe
density. to
HYBRIDISATIO
N The teem
"hybridisati
on- as used
herein shall
include llee
process by
vOich a
strand of
nucleic acid
joins with a
complementar
y strand
!hough base
pairing" as
well as the
proems of
amplificatio
n as carried
out in, for
momrple,
polymeraso
chain
reaction 



Ii
(PCR)technol
ogies.
Nucleotide
sequencm
capable of
selective
Idbridisatio
n will be
generally be
at least
75%,
preferably
at least 83
or 90% and
mom
preferably
at least 95%
or 98%
homologous
to the
correspondin
g
complementar
y nucleotide
sequence
over a
region of at
least 20, 20
preferably
al least 25
or 30, far
instance at
Least 40, 60
or 100 or
more
contiguous
nucleotides.
'Specific
hybridemion"
refers to
the binding,
dupleHng, or
hybridising
of a
molecule
only to a
particular
nucleotide
sequence
under
ittringent
conditions
(e.g. 65C
and 9.1xSSC
I beSSC
11.15 M
Nara, 0.013
M Na-citrale
pH TOD.
Sningent
conditions
are
conditions
under which
a probe will
hybridise to
its target
sequence,
but to no
other
sequences.
Stringent
conditions
arc
scquence-dep
endent and
are
different in
different
circumstaoce
s. Longer
sequences
hybridise
specifically
at higher
temperatures
. Generally,
stringent
conditions
arc selected
to be about
5 C lower
than the
thermal 30
Britian
point (Tm)
for the
specific
sequence at
a defined
ionic
strength and
phi. The Too
is the
tsmperature
(under
defined
ionic
strengtit
pIL and
nucleic acid
concentratio
n) at which
50% of Me
probes
complementar
y to a
target
sequence
hybridise co
the target
segustmc at
equilibrium
(As the
target
sequences
are
generally
present in
excess, at
Tan 50% of
the probes
are occupied
at
equilibrium)
. Typically,
stringent
auditions
include a
salt
concentratio
n of at
least about
0.01 to 1.0
M Na ion
cauceatratia
in (or other
salts) at pH
7.0 to 8.3
and the
tempc.rature
is at least
about 5 30C
for short
probes.
Stringent
conditioas
can also be
anNeved with
the addition
of
destahilisin
g agents -
such as
fonnamide or
tetraethyl
ammonium
stilts. As
will be
undenteod by
those of
aldli in the
ear, a
maximum
stringency
bythidizatio
xi can be
used to
identify or
detect
identical
nucleotide
sequences
white an
intermediate
10low)
stringency
hybridisatio
n can be
used to
identify or
detect
similar or
related
polymniegide
sequences.
Methods are
also
described
for the
hybridisteio
n of arrays
of probes to
labelled UT
unlabeled
nucleotide
sequences.
The
particular
hybridisatio
n reaction
inn/Finns
can 



t5  he
controlled
to alter
hylnidisatio
n (e.g.,
increase or
decrease
probe/target
binding
=inseam).
For example,
reaction
temperature,
concentratio
ns of anions
and cations,
addition of
detergents,
and the
like, can
all alter
the
hybridisatio
n
characterist
ica of array
probes and
target
molecules.
20 Man' OF
1Nlal
Quantifying
Ligation
frequencies
of
restriction
fragments
gives a
measure of
their
cross-liking
lextheacies.
Suitably,
this can be
achieved
using PCR us
used in
conventional
IC
tecfmologyi
as &waged by
Splinter at
al. (2004)
(supra).
Briefly, the
25 formation
of PCR
products em
be measured
by maiming
the signal
intensities
allot
separation
on ethidium
bromide
seined
agarose
gels, using
a Typhoon
9200 imager
(Molecular
DYnarans,
thinnyvale,
CA).
Suitably,
several
controis mu
used for the
correct
interpretati
on of data
as also
described in
Splinter et
al. (2004)
(sweet).  it
is predirred
that the
ligation
frequencies
of
restriction
fragments
are
quantified
using ilte
arrays
described
herein. For
gum:abaft.;
rip=
obtained for
a 4C trample
can be
normalised
to signals 5
obtained for
a control
sample. 4C
sample and
control
sample(s)
will be
labelled
with differ=
and
discernable
labels (cg
dyes) and
will be
simullmamisl
y hybridised
to the army.
Control
sample(s)
will
typically
stain all
DNA
fragments
(i.e. all
potential
second
nucleotide
sequences
that have
ligated In
the first
(target)
nucleotide
sequence) in
equimclar
amounts and,
to exclude a
bias in
hybridisatio
n
efficiency,
they should
be 10
similar in
sire to the
second
nucleotide
sequence(s),
Thus, =till
template
will
typically
contain
genomie DNA
(of the same
genetic
background
as that used
to obtain
the 4C
template),
digested
with both
the pliancy
and the
secondary
restriction
enzyme and
labelled by
the mine
method ( .g.
ands gaming)
as the 4C
template.
Stich -
control
template
makes it
possible to
=wet fur
probe-to-pro
be
differences
in IS
hybridisatio
n
efficiency.
Normalising
4C amay
signals to
control any
signals
makes it
possible to
express
results in
terms of
enrichment
over random
events.
Labeled 4C
template may
even be
hybridized
In an atray
with Or
without a
differential
ly labeled
control
sample and
with or
without one
or more
differential
ly to
labeled
other 4C
templates.
Other 4C
templates
can he
unrelated to
this 4C
template,
for example'
it may he
obtained
from
different
tissue
and/or
obtained
with a
different
set
olling.he
Pelt
primers. For
example, the
first 4C
template may
be patient
material and
the second
4C template
may be
obtained
from a
healthy
subject or a
control
sample. 25 



Dix= the
striking
hybridisatio
n patterns
that are to
be expected
for genetic
norrangernen
ts it will
not always
he necessary
to compare
diseased
subjects
with healthy
subjects.
Accordingly,
multiple
(egi two or
more) 4C
templates,
=eh
interrogatin
g a
different
!nous from
the same
patient or
subject may
be
hybildized
to 35 one
(ell one at
more) array.
zoottrustnfi
PCTrtathowut
unth The 4C
templates
may be
divieudally
labeled leg
with two or
multi-color
hybridizatio
n) andthr
may be
identically
labeled in
ease such
loci
nunnally
reside on
diirerc.nt
chromommes
or on the
game
chromosome
at a
distance far
enough for
minimal
overlap
barmen
DNA-DNA
interaction
signaLs. As
an example,
material 5
from a
subject with
T-cell
leukemia may
be processed
to obtain 4C
templates
for TC.Rced
(labekr1 in
one color,
in order to
detect
trans/mation
s), end
SILL, TALI,
110111 and
LA102 (melt
labeled in
the same
second
rotor, in
order to
detect other
emetic
rearrangemen
ts). These
free 0C
templates
may be
hybridized
to one
array, which
will allow
the
simultaneous
analysis at
multiple
loci for a
renomk 10
seen-alineme
nt
associated
with the
disease. For
quantificzni
on of
interaction
frequencies,
absolute
signal
intensities
or ratios
over comma
sample may
also be
considerel
In addition,
signals of
probes
adjacent on
the linear
chromosome
template may
be used to
identify
intermfing
clgonsommal
mgthns. It
Such
positional
information
is
preferably
analyzed by
ordering the
probes on
the linear
chromosome
template and
analysing
the absolute
signal
intensifies,
or ratios
Over control
template
signals, by
sliding
window
approaches,
using for
example
running
meanor
massing
median
approaches.
20 The
frequency of
interaction
of one or
mom target
nucleotide
sequence
with one or
more
nucleotide
sequences of
interest
(eg. one or
more
-genomic
loci)
obtained
according to
the methods
described
herein may
be ased to
reconstruct
parts gg or
onlire,
linear
thruMOSoMe
maps and
identit
balanced and
unbalanced
genonne
rearrangemen
ts that
accursed
within and
between
chromosomes,
wherein such
25
remrangemmts
are
indicative-
of a trait
or disease. 



ASSAY METHOD
in a further
aspect of
the present
invention,
there is a
provided an
assay method
for 30
identifying
one or more
agents that
modulne a
DNA-DNA
interaction_
As used
herein, the
term
iimedolstett
toms to
preventing,
decreasing,
suppressing,
re-Wonting,
elevating,
increasing
or otherwise
alleging the
DNA-DNA
imeraction.
In some
cases, it
may be
desirable to
evaluate two
or more
agents
together for
use in 5
modulating
the DNA-DNA
interaction,
in this
oases,
assays may
he readily
inuditied by
adding such
additional
agent(s)
either
simultaneous
ly with, or
subsequently
to, the Coat
agent.
the method
of the
present
invention
may also be
a screen,
whereby a
number of
agents to
are tested
for
modulating
the activity
of the
DNA-DNA
interaction.
It D
expected
that the
assay
methods of
the present
'mention
will be
suitable for
both small
and
largc-seale
screening of
agents as
well as in
quantitative
assays. Is
Medical uses
of such
therapeutic
agents are
within the
scope of the
present
invention as
are the drug
development
programs
themselves
and
pharmaccutig
a
impositions
comprising
such agents.
A drug
developmsa
program may,
for example,
involve
taking an
agent
identified
or
identifiable
by the
methods
descrihed
herein,
optionally
modifying it
(e.g.
modifying
its
structure
andbr
providing a
novel
composition
20
comprising
said moiety)
and
performing
further
studies
(e.g.
toxicity
stashes and
be studies
on activity,
structure or
function).
Trials may
be perdu-med
on non-human
animals and
may
eventually
be performed
on humans.
Such trials
will
generally
include
determining
the
effect(s) of
different
dosage
levels. Drug
development
programs may
utilise
computers to
analyse
moieties
identified
by screening
(e.g to 25
predict
grimace
and/or
function, to
identify
possible
mu:mists to
antagonists,
to search
for other
moieties
that may
have similar
stineture.s
or
functions,
etc.).
DIAGNOSTIC.
TESTING 30
Currently,
onions
gnomic
rearrangemen
ts remain
difficult to
detect by
available
molecularbyt
ogenetic
techniques.
Although thf
array
comparative
gennmic
hybridizaiio
n technique
(array-CGII)
is a newly
developed
technique
for the
detection
of
chromosomal
amplificatio
n andfor
deletions
with a
resolution
nf 35-300
Kb, this
tedmique is
not suitable
to detect
balanced
tranelocatio
ns and
chromosored
iimenions.
On the other
hand,
sPdctral
learroDPOF
(SKY) or
conventional
karyntyping
is often
performed on
patient
material for
the
deter-lion
of
chromosomal 



I
translocatio
ns as well
as numerical
changes, but
the
resolution
to define
translocatio
n .
breakpoints
is low,
usually
10-50 Mb and
5-10 Mb,
respectively
.
Consequently
, results
obtained by
both methods
and
especially
SKY will
lead to
time-consumi
ng and
labor-intens
ive
validations
experiments
like
fluorescence
in situ
hybridizatio
n (FISH) and
molecular
breakpoint
cloning
strategies.
ID 40
technology
impious a
procedure
that can
detect any
chromosomal
reurangtenen
ts on the
basis of
changed
impaction
fregnencies
between
physically
Inked DNA
sequences.
40
technology
is therefore
useful for
the
identificati
on of
(recurrent)
chmmosomel
cpwangements
for most
human
matipuncieeh
nultiple
congenital
15
sudfurnialio
ns or mental
retardation.
An important
advantage of
40
technology
is that it
allows for
the very
'accurate
mapping of
the
breakpoint
to a region
of only
several
thousands of
basepairs.
Another
advantage of
40
technology
is that no
prior
knowledge is
requimd on
the exact
position of
the
breakpoint,
since
breakpoints
will he
detectable
even when
the 40-bait
sequence in
located 1.-5
Mb away from
the 20
breakpoint/T
his has also
the
advantage
that the
same bait
sequence pin
he used for
the
detection of
specific
chromosomal
rearrangemen
ts (moping
large
breakpoint
areas. The
accurate
mapping of
genomic
rearningsnen
ts by 40
technology
will merely
facilitate
the
identificati
on of
aberrantly
expressed
gene(s)
underlying
diseases or
genetic
disorders,
which will
importantly
coutibute to
a better
understandin
g of the zi
genotype-phe
notype
correlations
, assist in
treatment
derision-mak
ing arid add
important
prognostic
information.
In one
embodiment
of the
pretreat
invention,
in order to
provide a
bads for the
diagnosis or
prognosis of
disease,
normal or
standard
values from
a subject
are so
established_
This may be
accomplished
by testing
samples
taken from
normal
subjects -
such as
entreels or
humans. The
frequency of
the DNA-DNA
interaction
may be
quantified
by comparing
it to a
dilution
series of
positive
controls.
Then,
standard
values
obtained
from normal
samples may
bc compared
with values
obtained
from samples
from
subjects
affected or
potentially
affected by
a disease or
a disorder.
Deviation
between
standard and
subject
values
establishes
the presence
of the
disease
state. Such
diagnostic
assays may
be tailored
to evaluate
the efficacy
of a
particular
therapeutic
treatment
ragtime and
may be used
in animal
studies, in
clinical
aids, or in
monitoring
the
treatment of
OM
individual
patient In
order to
provide a
basis for
die
diagnosis of
disease, a
animal or
standard
profile for
the DNA-DNA
interaction
may tO be
established.
Standard
values
obtained
from normal
samples may
be compared
with values
obtained
Ruin maples
from
subjects
potentially
affected by
a disorder
or disease.
Deviation
between
standard and
subject
values
establishes
the presence
of the
disease
Aare. if
disease is
established,
an elating
Inerapailie
agent may be
administered
, and
treatment
profile or
salute may
be
generated.
Finally, the
method IS
may be
repeated on
a regular
basis to
evaluate
whether the
values
progress
toward or
mum to the
normal or
standard
pattern.
Successive
treatment
profiles may
be used to
show the
efficacy of
treahnent
over a
period of
seismal days
or stwerid.
months. 



40
technology
accurately
detects at
least 5Mh of
genomic DNA
linked in
cis to the
zo
nucleotide
sequence
that is
analysed
(see Figure
2-3 and 5).
Advantageous
ly, 40
technology
may be used
to detect
any genondc
abaration
that is
accompanied
by a change
in genomic
site
separation
between
rearranged
sequences
and a 40
sequence
(bre) of
choice, Such
change may
be, for
example, an
increase or
decrease in
genomic site
separation
or may he an
underreprese
reation (as
in
deletions)
or user- re
representati
on (onto
duplications
) of
sequences
proximal
(ay, up cone
greater than
15 Mb) to
the 40
sequence
(bait).
Typically,
such
gencrnie
aberrations
or
rearrangemen
ts are a
cause of or
are
associated
with
diseases -
such as
cancer (eg.
leukaemia)
and other
genetic ur
congenital
diseases as
described
herein. SO
Genetic
aberrations
(re.
genornic m
chromosomal
aberratiens
- such as
balanced
andfor or
unbalanced
genteel or
ebromosomal
aberrations)
include,
halt are nnt
limited to
rearrangem
trend mtions
ersio
insenions,
deletions
and other
mutations of
nucleic acid
(eg.
chromosomes)
and also
loam; or
gains of
part or
whole
chromosomes.
They arc a
Nadine cause
of genetic
disorders or
diseases,
including
congenital
disorders
and acquired
diseases -
such as
malignancies
. In many
rearrangemen
ts, men dif
Lard
chromosomes
are
involved. In
this way,
genes (or
fragments of
genes) are
removes!
from the
normal
physiologica
l context of
a particular
chromosome
and are
located to a
recipient
chromosome,
adjacent to
ram-related
genes or
fragments of
genes Often
onoogenes or
protmummgcne
s).
Malignancies
con include
acute
leukemias,
malignant
lymphomas
and solid
turonms. to
examples of
alterations,
are 0(14;18)
which occurs
frequently
in NEIL;
1(12;21)
which is
frequently
found in
childhood
precursor-B-
ALL, and the
presence of
-11q23 (MU,
(myeloid-lym
phoid
leukaemia or
mixed-lineag
e leukaemia)
gene)
Macaroons in
acute
leukemias.
is The MU,
gene is
chromosome
region 11q23
is involved
in several
translocatio
ns is both
ALL and
acute
myeloid
leukemias
(AMU. to
detr, at
least ten
partner
genes have
been
identified
Some of
these
translocatio
ns, - such
as t(4,11)
(q210122),
1(1119)
(q2.41;p1))
and 1(1;11)
(p)2q23),
predominantl
y occur in
ALL, where
as others,
like 1(1411)
(q21012-1),
182;11)
(p21;q23),
1(6;11)
(027423) and
1-(9111) 20
(p22;q23)
are more
often
observed in
AML.
Rrovangement
s involving
the 11.423
region occur
very
frequently
in infant
acme
leukemias
(around
60-70%), and
to a much
lesser
extent in
childhood
and adult
leakemiar
(each around
5%).
Rearrangemen
ts in
lymphoid
malignancies
often
involve Ig
or TCR
genes.
Examples 25
include the
three tylies
of
transloduion
s (1(8;14),
1(2:8), and
t(8;22))
that are
found in
Baditas
lymphomas,
in which the
MVC gene is
coupled to
Ig heavy
date (IGH),
Ig kappa
(1cK), or Ig
lambda
(1(11.) gene
segments,
respectively
. Another
common type
of
trandocation
in this
category is
t(14;18)
(q32;q21)
which is
observed in
about 90% of
folliculm
lymphomas,
one of the
maim NHL
types. In
this
translocatio
n the BCL2
30 gate is
rearranged
to regions
within the
IGH locus
within or
adjacent to
the LH gene
segments.
The result
of this
chromoanme
aberration
is the
overexpressi
on of the
11CL2  WO
200/1/011440
.5PC11110211
08/000625
protein,
which plays
a role as a
survival
factor in
grouth
control by
inhibiting
programmed
cell death. 



The 130L2
gene
consists of
three mons,
but these
are
scattered
over a large
area. Of 5
these the
last exon
encodes a
large 3'
untranslated
region (3'
0Th). This
3' LIX is
one of the
two regions
in which
many t(14;
12)
breakpoints
am clustered
and is
called the
"meteor
breakpoint
region"; the
other
breakpoint
region
involved in
1(14;18)
translmardim
u, is
located
20-30 kb
downstream
of the Belk)
lows and is
called the
"minor
cluster
region". A
third BOL2
breakpoint
arm, the VCR
(variant
duster . 10
region), is
Imaged at
the 5'
side-of the
F3CL2 locus
and is
amongst
others
involved ire
variant
translocatio
ns, i.e.,
t(-2; 1 and
t(18;22), in
which IGR
and IC-L
gene
segments are
the partner
genes. Thus,
by way or
example, 90
technology-
can be
applied to
the
screening of
patient 15
material for
genetic
aberrations
near or in
loci that
were chosen
based on
thee
frequent
association
with a given
clinical
phenotype.
Farther
non-limiting
examples of
such loci
are AAEX MU,
!NYC, BCL,
BCE; ABLI,
inununoglobu
lin loci,
LYLI, TALI,
7AL2, LMO2,
TeRa/4 TCRA
ROY and
other loci
in various
lymphoblasti
e leukemias.
211
Advantageous
ly, if a
genetic
aberration
is
suspected,
40
technology
eim be
applied as
the Ord and
only screen
to verify
and snap the
presence of
the abenadon
as explained
hercan. 25
Detentes of
genomic
rearrangemen
t!. In a
particularly
preferred
embodiment
of the
present
invention,
the ewthwis
described
herein ean
be used for
the
detection of
genomic
rearrangemen
ts. 30
Currently,
genomic
rearrangemen
ts - such as
translocatio
n
breakpoints
- are very
difficult to
detect_ For
wimple,
comparative
genera&
hybridizatio
n (CGII)
micro-arrays
can detect
several
types of
rearrangemen
ts but fail
to debut
translocatio
ns. If
trauslocatio
n is
suspected in
a patient
but
chromosome
partners
urnunlmown,
spectral
karyntyping
(SKY) may be
performed to
-find
transbacatio
n partners
and obtain
an
approximate
estimate of
breakpoint
locations.
However, the
resolution
is very poor
(usually not
better than
-50 Mb) and
additional
fine-mapping
(which is
both time 5
consuming
and
expensive)
is usually
required.
This is
normally
done using
Fluorescence
In Situ
Hybridizatio
n (FISH),
which again
provides
limbed
resolution.
Using FISII,
breakpoints
can be
located to
+/-50 kb
region at
maximum
resolution.
DNA-DNA
interaction
tictuenci as
primarily
are a
function of
the genomic
site 10
separation,
i.e. DNA-DNA
interaction
frequencies
are
inversely
proportional
to the
linear
distance (in
kilobases)
between two
DNA loci
present on
the saw
physical DNA
template
Dekker et
al., 20112).
Thus, a
trduslcation
, Mich
creates one
or more new
physical DNA
templaita,
is
accompanied
by altered
DNA-DNA
interactions
near the
breakpoints,
and this can
be measured
by 4C
technology.
Diseases
based on is
tronslocatio
ns ate
typically
caused by
aberrant
DNA-DNA
interactions
, AS
trantioratio
n is the
result of
the physical
linkage
(interaction
) of broken
chromosome
(DNA) arms. 



Accordingly'
, It's the
detection of
transtocatio
ns, 4C
technolou
may be used
to 20
identify
those
DNA-DNA
interactions
thht are
different
between
diseased and
non-diseased
subjects.
Ry way of
example, 4C
technology
can be
applied to
the
screening of
patient
malarial for
translocatio
ns near ltd
that were
chosen hared
on their
frequent
association
with a 25
given dinime
phenotype as
desctibed
herein If
trantiocalio
n is
suspected in
a patient
but
chromosome
partners are
unlmewn, an
initial
mapping may
be performed
using
cunantit
available
methods like
spectral
karyotyping
(SKY). This
may identify
the
trantiocatin
n partners
and provide
a very 30
rough
cstimate of
breakpoint
locations
(usually not
better than
-50 Mb
resolution).
4C
technology
can then be
applied,
using
'1mM-sequenc
es in this
region
located Syr
example at
every 2 Mb,
55,4b, 10Mb,
201ab (or
other
interests as
described
herein) to
fine map.the
hrmk5sdsst
and identify
for example
the gale(s)
that are
min-expresse
d as a
consequence
of the
trauslocatio
n.
Typically a
trunlocalion
will he
identified
by way of an
abrupt
transition
from low to
5 high
inneaction
frequencies
on a
chromosome
other than
the one
containing
the 4C2 bait
soquence, or
elsewhere on
that same
chromosome.
In a
preferred
embodiment,
the sample
from the
subject is
in a
pre-malignan
seam io Jr e
preferred
embodiment
The sample
from the
subject
consists of
cultured or
uncultured
oomienYtes
obtained by
amniexotesis
for prenatal
diagnosis.
In a
preferred
army design,
probes
present on a
single array
represent
the rumpled
ocenomc of a
given
sp.ecies at
maximum
msolution
lbws, arrays
to detect 15
transincahon
s and the
like by 4C
technology
contain
probes as
described
herein
complementar
y to every
side of
every
Prineng
renbionon
enzyme
reception
site in the
gonna of a
given
species
(e.g.
human). 



In another
preferred
design,
probes
present on a
single army
represent
the complete
20 pc:florae
of a given
species, but
not at
rnanmum
resolution,
Thus, anays
to detect
translocatio
ns and the
like by 00
technology
contain
probes as
described
henna that
are
complementin
g to only
one side of
every winny
restriction
emegue
recognidon
site in the
gamine of a
given
species
(e.g.
human). 15
In another
preferred
design,
probes
present on a
single array
represent
the complete
gnome of 2
given
species. but
not at
maximum
resolution.
Thus, arrays
to detect
trans:locati
ons,
deletions,
inversions,
depth:Mons
and other
genomie
rearrangemen
ts by 4C
technology
contain
probes as
described
herein that
are
complementar
y to one
side of
every ohm
primary
restriction
enzyme
recognition
site as
ordered
along the
315 linear
template of
the genome
of a given
species
(e.g.
human).
TIms, arrays
to detect
translocatio
ns,
deletions,
inverthms,
duplications
and other
generate
rearrangemen
ts by 4C
technology
contain
probes as
described
herein that
each
represent a
single
restriction
ft/nu:sent
as obtained
after
digestion
with a
primary
restrictiun
enzyme
Preferably,
this is
obtained by
ignoring
every
second,
third,
fourth, 5
fifth,
563ctla,
smonth,
eight,
ninth,
tenth,
twentieth,
thirtieth,
fortieth,
fiftieth
sixtieth,
seventieth,
eightieth.
ninetieth,
or one
hundredth
eft: probe
that
hybridires
to the same
restriction
franment.
Arrays to
detect
tnmslocation
s,
deletions,
inversions,
duplications
and other
amoral,
rearbuthemen
ts by 4C
technology
may contain
probes as
described
herein that
arc
dish:tinned
mradly along
the linear
chromosome
templates.
thefembly,
10 this is
obtained by
ignoring one
or more
probes in
those
gotiornic
regions that
show highest
probe
density. In
another
prefects:I
design,
probes
present on a
silage array
represent
the complete
ppm of n
given
species, but
not at
maximum
recolution.
Thus, arrays
to detect 15
transition:i
ons,
deletions,
inversions,
duplications
and other
genomic
rearrangemen
ts by 4C
technology
contain
probes as
described
herein
complementar
y to one
side of
every third,
fourth,
fifth,
sixth,
seventh.
eight.
ninth,
tenth,
twentieth,
thirtieth
fortieth,
fiftieth,
sixtieth,
seventieth,
eightieth,
ninetieth,
or one
hundredth
etc primary
restriction
enzyme
recognition
site as
ordered
along the
linear
template of
the genome
20 of a
given
species
(e.g.
human).
Arrays to
detect
translocatio
ns,
deletions,
inversions, 



duplications
sad other
genomic
rearrangemeM
s by 4C
leftmologY
may contain
probes as
described
herein,
which
represent
thepl I
genome, but
with a
single probe
every 100
kilobases.Ar
rays to
detect
traislocatio
ns,
delelions,
inversions,
duplications
and other
gcromth
rcarranaemen
ts by 4C
technology
may contain
probes 25 as
de,scribest
herein which
represent
every single
primary
resin 'don
enzyme
recantation
site tome
genotne that
can be
represented
by a unique
probe
sequence. In
another
preferred
anoty
design,
probes as
described
herein on a
single army
represent
generale
regions of a
given size -
such as
about 50 kb,
100 kb 200
kb, 300 30
kb, 400 kb,
500 kb, I
Mb, 2 Mb,
31ftb,
415db, 5Mb,
6Mb, 7Mb,
8Mb, 9Mb or
10Mb - (eg,
horn about
50kb-10M1a)
around all
loci thrown
to be
involval its
tratalocatio
ns,
deletions,
inversions,
duplications
and other
thcomic
rearrangemen
ts.  In
another
preferred
amay design,
probes as
desesibed
herein on a
single army
- represent
swore
regions of a
given site -
such as
about 50 kb,
100 kb 200
kb, 100 kb,
400 kb, 500
kb, 1 Mb, 2
Mb, 3Mb,
414b, Myra,
6Mb, 7Mb,
8Mb, 9Mb or
10Mb - S
(eg. from
about
50kb-10Mb)
round a
ration of
loci blown
In be
involved in
translocatiu
m,
deletions,
inversions,
duplications
and other
gromic
ingements.
Selections
tan be made
on educated
criteria,
far example
they nan
represent
only the
loci that
are
implicated
in a given
twe of
disease. 10
In another
preferred
army design,
probes as
&scribal
Inca-tin on
a single
army
represent a
groyne
region of
barest of
far example,
100 kb, 200
kb, 300 kb,
400 kb, 500
kb, 600 kb,
700 kb, ROO
kb. 9001, 1
Mb, 2 Mb, 3
Mb, 4 Nth, 5
Mb, 6 Mb,?
Mb, 8 Mb, 9
Mb, 10 Mb,
20 Mb, 30
Mb, 40 Mb,
50 Mb, 60
Mb, 70 Mb,
SO Mb, 90
Mb, or 100
Mb (eg.
1001r-10Mb)
(part of) a
chromosome
or multiple
chromosomes,
with It each
probe being
represented
multiple
(eg. 10,
111t 1000)
times to
allow
quemthative
measurements
of
hybridisatio
n signal
intensities
at each
probe
sequence.-
In a
preferred
experimental
design, the
4C sequence
(bait) is
within about
Okb, 10kb,
20kb, 30kb,
40kb, 50kb,
100kb,
200kb,
3001ra, 400
kb, 5111 kb.
1 Mb, 7 Mb,
3Mb, 



20 4Mb, 5Mb,
6Mb, 7Mb,
8Mb, 9Mb
10Mb, 11Mb,
I2Mb, 13Mb,
14Mb or 15Mb
(eg. from
about
0-15Mb) or
more from
the actual
rearranged
sequence
(i.e.
breakpoint
in arse of a
translocatin
a Inc
preferred
hybridisatio
n, ran
differential
ly Labeled
40 templates
obtained
with one 21
sequence (40
bait) from a
diseased and
noradiseased
subject are
hybridized
simultaneous
ly to the
same uray.
Differences
in DNA-DNA
interactions
allow the
detection of
the
bnakpoint in
cis (era the
same
chromosomo
as the
4C-bait) and
in trans (on
the
translocatio
n partner).
30 In a
preferred
hybridizatio
n, multiple
differential
ly labeled
40 templates
obtained
with one
sequence (40
bait) from
disrsed d
non-diseased
subjects are
hybridized
simuluareaus
ly to the
same array.
Differences
in DNA-DNA
interactions
allow the
detection of
the
breakpoint
in cis (on
the same
chromosome
as the
4C-bait) and
in Iran& (on
The
translocatio
n partner).
Advantageous
ly,
multi-color,
instead nf
dual color
analysis on
micro-arrays
may be 5
-utilised
allowing the
simultaneous
hybridizatio
n of more
than two
samples to a
single may.
Accordingly,
nanbcolor
hybridizatio
n rem be
used in 4C
technology.
in a
preferred
hybridisatio
n, multiple
differential
ly labeled
4C templates
obtained
Wire OnC
sequence (4
bait) than
diseased
subjects and
one
diffirential
ly labeled
4C to
template
from a
non-dieesred
subject are
hybridised
simultaneous
ly to the
sanie array.
Differences
in DNA-DNA
interactions
allow the
detection of
the
breakpoint
in err (on
the same
chromosome
as the
4C-bait) and
in inns (on
thenunocatio
n punier).
In another
preferred
hybridisatio
n, two
differential
ly labeled
4C templates
from the 15
same
non-diseased
subject
obtained
with two
different
sequences
(4C-haits)
that each
represnat
another
possible
translocatio
n pannier,
are
hybridised
simultaneous
ly to the
same array.
Clusters of
strong
hybridisatio
n signals
observed on
the linear
template of
elonmosonres
unrelated to
the
chromosome
carrying the
sequence of
interest
(4C-bak)
will
identify the
translocatio
n prever
chromosome
and the
breakpoint
on the 20
translocalio
n partner.
In another
preferred
hybridisatio
n, multiple
differential
ly labeled
4C templatre
from the
same
non-diseased
subject,
obtained
with
multiple
different
sequences
(4C-baits)
that each
Ismsret
another
possible
translocatin
n partner,
are
hybridised 



75
simultaneous
ly to the
same array.
Clusters of
strong
hybridisatio
n signals
observed on
the linear
'template of
chromosomes
unrelated to
the
cluomosome
carding the
sequence of
interest
(4C-bait)
wilt
identify the
translocatio
n partner
chromosome
and its
inerepoint
for the
sequence of
interest. 30
Material
used for the
detection of
translocatio
ns,
deletions,
inversions,
duplications
and other
gennmic
rearrangemen
ts by 4C
technology
dm be
obtained by
erussllreing
(and further
processing,
as
described)
of living
cells and/or
dead cells
nocirer
nuclear
lassies
and/or
isolated
chromatin
etc. (as
described
herein) from
diseased
author
non-diseased
subjects.
Detection
einversions
Ingersions
(eg.
balanced
inversions)
cannot be
detected by
methods -
such as
Comparative
Demonic
Hybridiadion
techniques
but can be
detected by
ac
technology
particularly
when the
(balanced)
inversion is
close (eg,
up to about
1-15 Mb or
more) to the
411 sequence
(bait). Ill
Detection of
(balanced)
inversions
is based
.ore
identifying
those
DNA-DNA
hiteractions
that were
different
between
diseased and
non-diseased
subjects.
Inversions
hill change
the relative
position (in
ldlobases)
on the
physical DNA
template of
all (bpi the
most
centrally
located)
sequences of
the
rearranged
region as is
measured
against a
sequence
nearby on
the samc
ehronunume
that is
token as 4C
sequence
(bait). Ruse
DNA-DNA
intaractMn
frequencies
are
inversely
related to
genumic site
migration,
diseased
subjects
will give
inversed
patterns of
hybridizatio
n
intensities
for all
probes
located in
the
rearranged
genomic
region, as
umpired to a
non-diseased
subject.
Thus, 4C
technology
allows the
identificati
on of
position and
20 age of
(balanced)
inversions.
Acconling to
this aspect
of the
present
invention, a
preferred
dexiimted
array design
comprises
probes on a
single army
reprmenting
anaemic
regions of a
given size -
such as
about 30 kb,
100 kb, 200
kb, 300 kb,
400 kb, 500
kb, 1 Mb, 2
Mb, 3Mli,
41v1n, 5h4b,
25 6MIN 6Mb,
7106, 8Mb,
gMb or 10M10
(up. 50kb-I
0M1e) around
the locus at
wbich the
inversion or
other
rearrangemen
t is
suspected_
In another
preferred
dedicate]
array
design,
probes on a
single mray
represent
genomic
regions of a
given size
(50 kb, 100
kb, 200 kit
300 kh, 400
kb, 500 kb,
1 Mb, 2 mb 



so cle)
around the
locus at
which the
inversion or
other
rearrangemen
t is
suspected.
For reliable
qua/dismay
analysis of
signal
intensities
the amount
of probe
present male
army is
typically in
large excess
to the
amount of
tag:nate
fragments
that are
hybridized
to the
array.
Therefor; it
may be
necessary to
have each
probe
present
multiple
times (eg
10, 20, 50,
100, 1000
times etc)
on the
array. In
addition, it
may be
'accessory
TO titrate
the amount
of template
that is to
be
hybddize.d
to the
array. 5
Detection of
deletions
Detection of
deletions is
based on
identifying
those
DNA-DNA
interactions
that were
different
between
diseased and
non-diseased
subjats.
Deletions
will result
in the
absence of
DNA
interactions
taro a 4C
sequence
(bait)
located ncar
(eg. about',
2, 3, 10 4,
5, 6, 7, 8,
9, 10, LI,
12, 13, 14
or 15 Mb or
more) the
deleted
region. This
may result
in the
complete
terse of
hybridizatio
n sigmas for
all probes
located in
the
rearranged
region if
the deletion
is present
on both
alleles
(homozygous)
, or a
reduction
for diseased
versus
non-diseased
subjects of
signal
intensities
if the
deletion is
present on
only one
allele
(heterozygou
s). Deletion
brings mom
distal
sequeacm Is
into closer
proximity on
the physical
DNA template
to the 4C
swamis
analyzed
(trait),
which will
result in
stronger
hybridizatio
n signals
for probes
located
directly
beyond the
deleted
region.
Detection of
duplication(
s) 20
Detection of
duplication
is typically
hosed on
identifying
those
DNA-DNA
interactions
that are
iliffacnt
between
diseased and
non-diseased
subjects.
Probes in
the
duplicated
region will
show
increased
hybridizatio
n signals
with a4C
sequence
(bait)
located near
leg about 1,
2, 3, 4, 5,
6, 7, 8, 9,
10, II, 12,
13, 14 or 15
Mb or 25
more) the
rearsised
region, as
compared to
signals from
a central
non diseased
subject_
Probes
beyond the
duplicated
region are
Thither
apart from
the 4C
sequence and
consequently
will show
decreased
hybridizatio
n signals as
compared to
signals from
a control
crorodisease
d subject.
so
Preferably,
an increase
or a
decrease
DNA-DNA
interaction
frequency
forte
subject
sample as
compared to
the control
is
indicative
rife
duplication
or
insertion. 



Preferably,
an increase
in DNA-DNA
interaction
frequency
for the
subject
sample as
compared to
the tuning
andlor a
reduction in
DNA-DNA
interaction
frequency
for more
disunt
regions is
indicative
of a
duplication
or insetlig.
s Prenatal
Diagnosis
Advantageous
ly, 4C.
technology
can also be
used b
prenatal
diagnosis.
Nucleic acid
can be
obtained
from a ferns
toning
various
methods that
are kumun in
the la art
By any of
example,
amniocentesi
s can be
used tangein
amniotic
fluid front
which fetal
culls ill
suspension
are
extracted
and cultured
for several
days
(Mercier &
Brentano
(1995) Ann
Gra, 38,
151-157).
Nucleic acid
from the
cells can be
then
extracted.
The
collection
of chorial
stIll may
make it
possible to
dispense
with the
culturing
step rend
avoids the
collection
of amniotic
quid. Thesc
techniques
may be
15aligned
earlier (up
to 7 weeks
of gestation
for the
collection
of throat
with and
13-14 weeks
for
aninineenbro
is), but
with a
slightly
increased
risk of
abortion
A direct
collection
of fetal
blood at the
level of the
umbilical
cord can
also bc used
to obtain
nucleic
acid, but
typically
require, a
team of
clinicians
specialised
in this 20
technique
(Donner
eta?. (1996)
Fetal Diagn.
Thar., 10,
192-1993
Advantageous
ly, genetic
aberrations
(cg. brownie
or
chromosomal
aberrations)
- such as
rearrannemen
ts,
translocatio
ns,
inverson%
insertions,
deletions
and other
mutadons in
chrcronenmro
and nucleic
acid - may
be detected
at this
stage. es
Preferably,
genetic
aberraions
(m, grownie
or
chromosomal
aberrations)
- such as
rearrangemen
ts,
translocalio
ns,
inversion-%
insertions,
deletions
and other
mutations in
chromosomes
21, 18, 13,
X or Y and
also losses
or gains of
part or
whole
chromosomes
21, 18, 13,
X or Y may
be detected
since these
are the
chromosomes
in 30 which
the majority
of
aberrations
occur in the
foetus.
Determinatio
n ofgeantnic
integration
sites  4C
technology
also allows
the
determinatio
n of
genoraic
integration
sites of
viruses and
transgenes.
etc, also
when
multiple
copies are
inserted at
different
positions in
the gem= (as
described in
Figura 3). 



Determining
preslisposet
tan to
acquiring
certain
Iranslocalio
u
Advantageous
ly, 4C
technology
can also be
applied to
non-diseased
subjects to
treasure the
grarannic
environment
of loci
frequently
involved in
genetic
aberrations.
- In this
way, it is
frangible to
determine
the
predispositi
on of -die
subject to
acquire
certain
genetic
aberrations.
Thus; in
addition to
the medical
uses
described
herein, the
present
invention
can be used
in
diagnosis.
MULTIPLEX
The present
invention
allows the
simultaneous
analysis of
the
frequency of
interactions
of multiple
target
nucleotide
sequences
with our or
more
nucleotide
sequences of
20 interest
Amplificatio
n may be
achieved
using
multiplex
PCR. Such
methods
allow fur an
unbiased
screen for
balanced and
unbalanced
genemie
rearrangemen
ts to.
transiocatio
ns,
inversions.
deletions
and
duplications
that may
have
occurred
anywhere in
the genome.
The methods
can be used
to identify
breakpoiuts
of
rearrangeane
ras ci very
high
resolution,
typically
villain
twenty
kilobascs
(on average
5kb). The
method 25
can be used
in
diagnostic
applications
as set forth
ahm-e, for
example
prenatal
diagnosis,
postnatal
diagnosis
and for the
analysis of
tumor and
other
diseased
samples to
identify
gratomic
reanangement
s underlying
diseases or
predisposing
subjects to
disease.
Amplified
nucleotide
sequences of
interest can
be analyzed
on tailored
4C.
microarrays
(as desaibed
above), or
on genamic
tiling
micro-arrays
, or hy
sequencing
30 as
described
further
herein.
The
simazfraneou
s screening
of
rearrangemen
ts at
mzelliple
loci /mown
to be
associated -
with a
disease. For
many
diseases,
syndromes or
phenotypes,
multiple
possible
causative
DNA s
alterations
are known
and subjects
need to be
screened to
identify the
exact
rearrangemen
t imderlying
the
disease/synd
rome/phenoty
pe. For
example, in
the case of
lymphablasti
c leukemias
rearrangemen
ts involving
AMLL MILL,
MYC, Bed,
NCR, ABL,
immunoglobul
in loci,
LYL1, TALL
TAL2, TCRaM,
TCRF, 110X
mid 



possibly
other loci
freqnently
underlie the
disease; 4C
technology
can be
applied to
to identify
which locus
and
rearrangemen
t is
involved in
a patient
with the
giant
disease.. In
this
wabodimmt,
4C
technology
is directed
to each of
the loci of
interest.
Each Icons
can be
analysed
separately.
but multiple
loci can
also be
analysed
simulameousl
y on a
single
array. Thus,
a 4C screen
can involve
the
(inverse)
PCR
amplificatio
n of 15 DNA
elements
intemsting
with one or
more target
nucleotide
sequences
near each of
the bad that
mads to be
analysed for
rearrangemen
ts. Target
sequences at
or near
these loci
are chosen
based on the
criteria
mentioned
herein.
Amplificatio
n of
msleolide
sequumera of
interest can
be performed
separately
for each 20
target
nucleotide
sequence, or
can he
performed
simultaneous
ly in one
reaction
volume by
multiplex
(inverse)
PCR. The
Latter is to
be preferred
in eases
when
nucleotide
sequences of
interest
interacting
with
different
large,
nimitatide
setiumreca
can be
identically
labelled
without
compromising
the
analysis.
This may be
the case fir
extmirple
when loci
are located
on different
chromosomes
or when loci
are located
25 on the
same
chromosome
at a
distance fir
enough for
minimal
overlap
between
DNA-DNA
interaction
signals, or
in cases
when overlap
between
DNA-DNA
interactions
amplified
from
different
target
xmckolide
sequeneta
does not
interfixe
with the
claw:dim of
generale
twatrangemen
ts.
interactions
needs to be
labelled
differently
or when
inverse FOR
piseers
interfere
with each
others
amplificatio
n
efficiency.
Differential
ly or
identically
labelled
sequences or
interest
interacting
with the
various 5
target
nucleotide
sequences
are
hybridised
to a single
or multiple
micro-arrays
containing
probes
representing
the complete
genume (e.g
high density
aways or
tiling
arrays) or a
selected
part of the
genome, as
desaibed
above.
Hybridisatio
n signals
will be
compared to
thine
obtained
with a
control
sample,
where an
increase or
decrease in
DNA-DNA
interaction
frequencies
measured in
the test
versus
control
sample is Is
indicative
for a DNA
rrommgement
in the test
sample. An
unbiased
gennme wide
screening
far
rearnengemen
ts at
miknown
pavilions in
the 



15 In a
second
errontiment,
4C
technology
is applied
for an
unbiased
genomemide
screen to
identify
rearrangemen
ts ire a
sample from
a diseased
(a
noredireased
) subject,
wheie the
rearrangemen
re are
previously
unknown
andfor occur
at unimown
locations.
In this
embodiment,
the target
sequences
cannot be
chosen to be
close to the
rearrangemen
t The target
sequences
are than not
known or
suspected
tabs
assonant 20
with the
diocese.
Instead,
they are
chosen to be
distributed
throughout
the chosen
gcnome or
section of
genuine, so
as to pmvide
sufficient
coverage of
the
chromatin to
be
investigated
.
Preferably,
the entire
genome is
covered. For
instance,
target
sequences
are chosen
such that
their
interacting
sequences of
25 interest,
being mostly
the
sequences
directly
surrounding
the target
sequence,
i.e within
5, 10,
15,20, 25,
30, 35, 40,
or 45 to 50
Mb from the
target
sequence)
cover the
complete or
a
substantial
purr of the
genume or a
chromosome
or a part of
a chromosome
This will
allow
reconstructi
ng physical
chromosome
maps present
in any
subject or
cell wire.
30 For two
target
sequencus
adjacent cm
the linear
chromosome
template to
have
overlapping
in-In-acting
DNA
sequences
(i.e
overlapping
genrunic
environments
) they  need
to he. for
example, 5,
10, 15, 20,
25, 30, 35,
40, 45, or
501^ 100 WM
immy from
each other.
Thus, to
cover the
complete
genome (2-3
x 109bp)
with target
sequences
separated
-10Mb,
200-300
throat
sequences
are
required_ To
cover the
complete
gem= with
target
sequencer
separated
-.50 mro,
40-60 target
eminences
arc
required. 5
In an
ultimate
emboditnent,
only one
Urge/
Se811111111C
per
C11101nOSOnl
e is
SSW-Sited In
cover the
complete
genome. All
uudesitide
sequences of
interest Mat
interact
with the
target
sequences
arc
amplified as
in 4C,
either
together in
a single
reaction mix
(or a
limited
mimber of to
reaction
mixes) by
multiplex
(inverse)
PC12, or in
separate
(inverse)
Pelt
reactions
that may be
pooled
later.
Multiplex
PCR is to be
preferred in
cases when
nucleotide
se:qv-man of
interest
interacting
Frith
different
target
nucleotide
sequences
can be
identically
labelled
without
compromising
the
analysis.
Amplificatio
n will he
done
sePoratelY
for each
target
nucleotide
sequence
when each
net of
DNA-DNA 15
interactions
belonging to
a given
target
sequence
needs to be
labelled
differently
aneVar When
131883-SC
PCR primer
sets
interfere
ith each
other's
amplilleedio
n
eff)ciency.
Identificati
on of
intrachramos
omai
rearrangemen
ts sari as
deletions,
insertions
and 20
duplications
and
(balanced
and
unbalaneed)i
nversions.
In one
preferred
embodiment,
all
amplified
DNA
sequences
interacting
With the net
of 



target
sequences
from a test
sample.
(e.g. a
patient
sample) are
identically
labelled and
genome-wide
interaction
frequencies
are compared
with these
of a control
sample (e.g.
25 fmm
healthy
subject).
Control and
test samples
can be
hybri.disedl
o the name
array in
different
colours, or
they can be
hybridised
to different
arrays and
compared. An
increase or
a decrease
in DNA-DNA
interaction
frequency
for the test
sample
compared to
Use control
sample is
indicative
for a
duplication/
insertion or
a deletion
in the sets
sample. It
ems sled he
indicative
for an
inversion. N
Figures I
land 19
shows
deletion
identified
by 4C in
this manner.
In anther
preferred
embodiment.
amplified
DNA
sequences
interacting
with the set
of target
sequences
from a test
sample (e.g.
patient
sample) are
labelled in
two colours,
with colours
alternating
for target
sequences
that
neighbour
oaths linear
chromosome
template.
Neighbouring
target
sequarees
are close
enough on
the linear
chromosome 5
template for
their
interacting
strumpets to
be
overlapping.
Thus,
neighbourifr
g taunt
sequences
may be, for
example, 5,
10, 15, 20,
25,30, 35,
40,45 to 50
Mb away from
each other.
Such au:
minima:dal
design
prevents
that
rearrangemen
ts are mind
due to
saturated
hybridisatio
n signals
close to a
given target
sequence.
Genomettide
interaction
frequencies
are compared
with these
of a control
sample (e.g.
from healthy
to subject).
Control and
tent samples
can be
differential
ly labelled
and
hybridised
to the same
any, or they
can be
hybridised
to different
arrays and
compared. An
increase or
a decrease
in DNA-DNA
intention
frequency kr
the test
sample
campared to
the control
sample is
indicative
for a
dupheationns
erdon or a
deletion in
the test
sampk. It
can also be
indicative
fur an
reversam. A
subsequent
40 analysis
dirend to
target
sequences
finking or
inside the
rearranged
part of the
panne can b
performed to
identify
inversions.
An kind
pattern of
hybridisatio
n signals as
compared to
a control
sample
identifies
the
inversion in
the test
sample. This
is depleted
in Figure
20. In a
Maher
preferred
embodiment,
nucleotide
sewn:did
interest
interacting
with
diffident
target
sequences
juxtaposed
on the
chromosome
template axe
labelled
with
different
dyes.
Rearraneemen
ts are
detected by
the
appearance
or
disappearanc
e of
interacting
DNA sinnals
in the
patient
trample
compared to
the control
sample. This
is depicted
in Figures
21 to 23.
Identificati
on of
balanced arm
helbalanced
irrmslocazio
na. In a
further
preferred
embodiment
multiple
dyes are
available
(e.g. 48
dyes) and
each 30
chromosome
is labelled
with two
unique dyes
that are
used such
thd the dyes
alternate
between
target
sequences
that
neighbour
ante liana
chromosome
template.
All DNA
fragments
can be by
bridised
together to
an array
containing
probes
representing
the 



aimplige
gcname. The
identificati
on of
DNA-DNA
interactions
between
chromosomes
that thew in
test samples
but not
control
samples are
indicative
Sur a
translocatio
n and
identify the
two
rearranged
chromosomes.
The
transition
from low to
high signals
on an
unrelated
cluvmosume
identifies
the primary
restriction
enzyme 5
recognition
site near
the DNA
breakpoirth
lf
transficatio
ns are
balanced,
each of the
two
chromosome-s
pecific dyes
h Id give
strong
hybridisatio
n signals on
a mutually
exclusive
set of
probes
directly
neighbouring
rail abut on
the linear
template of
she
unrelated
chromosome.
The 10
breakpoint
on this
curelated
ehmmosome is
located in
between the
two sets of
probes
showing
positive
hytrridthati
on signals.
See
Tigure24.
When tested
cm a patient
wimple
involving a
chmmosome
I:chromosome
7
transtocatio
n the
results
shown in
Figure 25
are
obtained. In
this
particular
sample the
II target
sequences on
the array
represented
a selection
of sequences
located next
to Ithad111
sites (see
above for
the
derivation
oftarget
sequoia.).
If
translocalio
ns thawed
with loss of
DNA at the
brealcpoints
(i.e.
unbalanced
IraliSineali
CrM), each
of the two
chromosome-s
pecific dyes
will give
strong 20
hybridisatio
n signals on
a mutually
exclusive
set of
probes on
the
unrelated
chromosome
that do not
directly
neiehbour
each other
on the
linear
tmnplete of
the
unrelated
chromosome.
The probes
bested on
the
unrelated
chromosome
in between
the two sees
of probes
showing
intenehromos
omq DNA-DNA
interactions
represent
the genomie
region that
was loth.
The most
outer probes
of this
region mark
the 25
restriction
sites near
the
breakpoints
on the
unrelated
chromosome
(see Figure
24). When
tested on a
patient
sample
involving a
chromosome
4:chromosome
7
translocatio
n with an
unknown
amount of
deleted DNA
at the
breakpoint
the results 



shown in
Figure 27
are
obtained. In
this
optical&
sample the
target
Sequences on
the 20 array
again
represented
a selection
of sequences
located next
to HindlII
SiteS. The
result shows
that both
the
ithanslocati
on and the
deletion
(appmx 2Mb)
are
detected.
In a still
further
preferred
embocbmerd,
multiple
dyes (e.g.
24 dyes) are
available
and used to
differential
ly label
each
chromosome
(Figure 28).
Thus, all
DNA
sequences
That
interact
with target
sequences
prinent on
the same
chromosome
are labelled
identically
and dirk.=
from those
heated on
other
chromosomes.
The
identificati
on 5 of
DNA-DNA
interactions
between
chromosomes
that occur
in test
samples but
nut control
samples ere
indicative
for a
translocatiu
n and
identiG the
two
rearranged
chromosomes.
A subsequent
40 analysis
directed
specifically
towards the
chromosomes
involved in
the
transInchion
allows the
identificati
on of
breakpoints.
Here, one or
each
chromosome
is labelled
with two
unique dyes
that arc
used such
that they
alternate
between DNA
fragments
interacting
with target
sequences
that
neighbour on
the linear
chromosome
template. Is
If
translocadon
s are
balanced,
earls of the
two
chromosome-s
pecific dyes
should give
strong
hybridisatio
n signals on
a mutually
exclusive
get of
probes
directly
neighbouring
each other
on the
linear
template of
the =rebated
chromosome.
The
breakpoint
on this
unrelated
chromosome
is located
in betwetta
die two sets
chinches
showing
positive
hybridisatio
n Signak zo
If
Ginslosthas
occurred
with loss of
DNA at the
breakpoints
(Fe.
unbalanced
translocairm
s), each of
the two
chromosome-s
potifie dyes
will give
strong
hybridisatio
n signals on
a mutually
exclusive
set of
probes on
the
unrelated
chromosome
thh do not
directly
neighbour
each other
on the
linear
template of
the 25
unrelated
chromosome.
the probes
located on
the =elated
chromosome
in between
the two sets
of probes
showing
inter
chromosomal
DNA-DNA
=reactions
represent
the cenomic
region that
was lost.
The most
outer probes
of this
region mark
the
restriction
sites near
the
breakpoints
on the
unrelated
chomosnme.
30 In
another
preferred
embodiment,
less than 24
dyes axe
available
and each dye
is used lo
uniquely
label all
DNA
fragments
that
interact
with target
SetinCeS
present on
the same
chromosome.
Thus, with
14,3,4,6,8,1
0,12 etc
dyes,
42,3,4,6,8,1
0,12 tre,
chromosomes
can be
labelled
uniquely.
Labelled DNA
fragments
belonging to
each of
these 0100M
DROnle5 can
be
hybridised
together to
an array
containing
probes
representing
the complete
grams. The
appearance
of
hybddisation
signals
representing
DNA-DNA
interactions
on an
unrelated
chromosome
identifies
this 5
chromosome
as a
wanslocation
pannier. A
sabsequerd
4C analysis
directed
spcsifically
towards the
chromosomes
involved in
the
tranalocaliu
n allows thc
identificati
on of
breakpoints
(as
described
above). In
another
preferred
embodiment,
less than 48
dyes are
available
and each 



to
chromosome
is labelled
with TWO
unique dyes
that are
used such
th,ll they
alternate
between DNA
fragments
interacting
with target
sequences
that
neighbour on
the linear
chromosome
template.
Thus, with
2,4,6,8,10,1
2,14,1b1
1.20,22,24
etc dyes
1,2,3,4,5,6,
7,8,9,10,11,
12 etc.
chromosomes
can be
labelled
uniquely.
Alt DNA
fragnents
can he
hybridised
together to
an array
containing
pushes
represeating
the as
complete
genome.
Hyhridisadon
signals on
an unrelated
chromosome
represent
inter-chromo
somal
DNA-DNA
biteracticms
and identify
this
chmmosome as
a
translocatie
n partner.
The
transition
from low to
high signals
on an
unrelated
chromosome
irkind fu-s
the primary
restriction
enzyme
recognition
site nag the
DNA
breakpoint.
20 In a yet
further
preferred
embudimeM
less than
411 dyes are
available
and each
chromosome
is labelled
with more
than two
unique dyes
that are
used such
(bat they
alternate
between DNA
fragments
interacting
with target
sea tents
that
neighbour on
the line-ar
chromosome
template.
All DNA
fragments um
be
hybridised
together to
an array
containing
probes
representing
the complete
genome.
Hybridisatio
n signals on
an 25
unrelated
chromosome
represent
inter-chromo
somal
DNA-DNA
interactions
and identify
this
chromosome
as a
translocatio
n 15051155T.
The.
transition
from low to
high signals
on an
unrelated
chromosome
identifies
the primary
restriction
enzyme
recognition
site nearthe
DNA
breakpoint
50 flow to
ident6 other
translocatio
n
breakpoints
BreApaintg
identified
ou one
chromosome
according to
any of the
strategics
mentioned
above can
subsequently
be used to
identify
breakpoints
on the
translocatin
g  WO
700:1/000401
s5elillt2018
0006 lanCer
cluomosome.
This can he
done for
example via
sequencing
of products
obtained
throng):
lent-range
PCR over DNA
Emotions or
ligation-med
ialed
(LM-)PCR or
inverse FOR
on DNA
circles
created by
restriction
enzyme
digestion
and mitten
of
(narecrowlin
ked) =nor=
DNA using
primers
specific for
the one
chromosome 5
that rat
into
sequences-0E
11re other
chromosome.
In one
preferred
embodiment,
each uf the
aforemention
ed screens
for genre=
ramangements
may be
followed by
a dedicated
40
experiment
directed
against
target
sequences
nor
candidate
breakpoint;
to
=ambiguously
identify
them as
such. IC
Aspens of
the methods
described
above for
the
detection of
different
types of
renomic
rearrangemen
ts may be
combined lo
simidtartoos
/y screen
the gene=
for their Is
If gehomic
tiling
arrays are
used instead
of 40 amp,
transitions
in signal
in-Mashies
the probes
juxtaposed
on the
linear
chromosome
template
that are
observed in
potent, but
not in
control,
samples,
indicate the
position of
breakpoiats
associated
inch a =omit
reaming:met
(instead of
the pritmay
restriction
enzyme
recognition
site near
the DNA
breakpoint).



20
MllArNICING
High.
throughput
DNA
sequencing
promises to
become an
affordable
and MOM
quantitative
alternative
for
micro-arrays
to analyse
large
collections
of DNA 25
SeqUenCeil.
Examples of
high-through
put
sequencing
approaches
are listed
in EY. Chan.
Mutonon
Reseach 573
(2005) 13-60
and include,
but are not
limited to,
near- tem
sequencing
approaches
such as
cycle-extens
ion
appmaches,
polymerise
reading
approach's
and
=nuclease
sequencing,
resolutirmar
y sequencing
approaches
such as DNA
scanning and
=mop=
sequencing
and. direct
linear
analysis.
Examplm of
30 eturent
high-through
put
sequencing
methods are
454
(pyrreseretn
cing, Solexa
Gennme
Analysis
System,
Agencourt
SOLiD
sequencing
method
(Applied
Biosystems),
MS-PETsequen
cing(Nget
bIlmftnanoxf
ordjoumals.a
rgtcgikenteu
tffulU34/12/
044).
Sequencing
can replace
array
hybridisatio
n in
high-through
put analysis
of the
results 5 of
4C and other
approached
based on
detection of
wammie
interactions
. The
frequency of
oceurrenrn
of a
sequence is
indicative
of the
frequency of
associarnm
in the
genome, and
can be
analysed in
the same way
as the
hybridisatio
n results
are analysed
in the
romping. 



It
Sequencing
is performed
an the
template as
provided by
steps a-g.
described in
chum 1.
Alternativel
y, the
sequencing
can be
performed on
the PCR
products
obtained by
methods as
described by
Lumvardas et
at, Cell
126,
403-413,
July 28.
2006 no by
Ling etal.
Science 312,
14 April
2(306.269-27
2. 15
Sequencing
is initiated
from one or
both ends of
The PCR
products.
Both ends of
the PCR
product
consist of
nucleotide
sequences of
knows
nucleotide
composition,
with at
least one
end being
target
nucleotide
sequence,
and Mink a
nucleotide
sequence of
interest
that was
interacting
and ligated
to the
target
nucleotide
sequence.
Depending on
the
sequencing
method used,
adapters may
need in be
added to one
or both ends
of 211 the
PCR
products.
Adapters may
he
oligonticleo
tide
sequencua
required for
the
sequencing
method of
interest,
which may or
may not
twntain
moieties
that for
example
allow them
to he
captured.
Adapters may
be ligated
to the PCR
products
directly or
after
hlunting the
ends of the
PCR
products.
Alternativel
y, PCR
primin acts,
as used in
step g
(claim 1),
may contain
overhangs
that
represent
adapter
stXplelleaC
or 25 may
contain
overhangs
that
harnduce
restriction
enzyme
cleavage
sites that
can be used
for
subliaqueat
ligation of
adapters
sprnific or
non-specific
fro each end
of the PCR
product In
4C
experiments
that aim to
identify the
DNA
sequences
interacting
with a
single . 30
nucleotide
target
sequcame,
sequencing
needs to
read amiss
the primary
ligation
event (step
c) and/or
the
secondary
ligation
event (step
"ft such
that
sufficient
sequence
infonnation
is obtained
to identify
the
nucleotide
sequences of
'merest. INN
all,, this
requires the
sequencing
and
identificati
on of
stretches of
minimally
8-30
osnleotidue
beyond the
ligation
jimetion
into the
nucleotide
sequence
oflate:lust
(see figure
28). In
multiplex 4C
sequencing
needs to
read across
the primary
ligation
event (step
c) 5 and/or
the
secondary
ligation
event
(stepryeuela
that
sufficient
sequence
information
is ubtained
to identify
both the
target
puck:nide
sequence and
the
nucleotide
sequence of
interest
that
together
form the
ligation
Product.
TYPicallgi
this
require. The
sequencing
and
identificati
on of
stretches of
8-30
nucleotides
at each side
of the
ligation
junction.
The
identificati
on of the
target
nucleotide
sequence
will provide
each
ligation
Fended LO
with a 'home
address'
Primers used
in step g
that
hybridise to
the target
nucleotide
sequence
need to be
located at a
distance
from the
primary and
secondary-
ligation
junction
that is far
enough for
sequencing
to
imambiguontl
y identify
this 'home
address'.
Depeoding on
The method
of
sequencing,
this
distance may
minirantly
(so D, 10,20
30, 40, 50,
60, 70, 80,
90 or 100
nucleotides
away from
the ligation
jiniction.
IS In
single-plea
and
multiplex
4O, when FOR
products
consist of a
nucleotide
sage-nee of
interest
flanked on
each side by
target
nucleotide
sequences,
reading from
the one end
of the FOR
product
across the
ptimary
ligation
junction,
and reading
from the
other end of
the FOR
product
across the
secondary
ligationnumt
ion,
provides the
sane 20
infmmation.
Thus,
sequences
obtained
from one
side of the
PCR product
are
sufficient
for the
analysis of
DNA-DNA
interactions
. Sosuences
obtained
from the
offira side
of the FCR
product may
be used to
complement
or to verify
data Stu
Figure 29.
Priming of
the actual
sequence
reactions
can be done
using the
standard
wintry 



25 routinely
used by the
respective
high-througl
grat
sequencing
platforms.
It cm, also
be done with
custom-etude
sequencing
primers That
partially or
completely
overlap the
inverse PCK
primers used
to amplify
sequences
captured by
a given
-Puget
sequence.
This would
prevent
re-reading
the entire
inverse PCR
primer
sequence and
allow the
rending of
more
nucleotides
of the
captured
fragment,
which
therefore
can be 35
identified
more easily
and mapped
to the
gernme.
These
custom-made
sramencing
printers ma,
then also
partially
anneal to
the adapter
sequences
normally
used as the
DNA strand
complementar
y to the
sequencing
primer.  In
a multiplex
set-up,
multiple
sequencing
primers that
overlap bah
with the
adapter
sequence and
with the
outer ends
of the
inverse PCR
amplified
DNA products
can he used
simultaneous
ly, such
that each
target
fragment
included in
the analysis
has its 5
own unique
sequence
primer. The
overlap with
the outer
ends of the
inverse PCR
amplified
DNA medians
fir. the
inverse PCR
primer
seq./aura
should be
such AP
sufficient
nucleotides
of the
target
sequence are
still
available
for
sequencing
and such
that each
target
sequence
(home-addres
s) can be
identified
unambiguousl
y. Depending
on the
nature and
number of
target
sequences
analysed
simultaneous
ly, this
means that
au iet one
embodiment,
the
sequencing
primers may
hybridise
Ito 2o
nucleotides
away from
the
ItStriCtiOn
site that
forms the
junction
between thc
target
sequence and
the captured
sequence.
The
identificati
on of each
combination
of larger
sequence and
raptured
sequence may
also be done
using di-lag
sequencing,
which
provides
sequence
information
of both ends
of catch DNA
fragment
tunlysed 15
In another
embodiment,
the
sequencing
primers we
dasitmed for
each target
sequence
such that
they are
close to the
primary
and/or
secondary
restriction
enzyme
recognition
sites
analysed and
may overlap
partially or
completely
with the
primary and/
elan-m.1BIT
restriction
enzyme
recognition
sites
analysed 20
In one
embodimtrat,
the high
throughput
sequencing
technoiriTt
used is the
Soleata
(Illumble)
sequencing.
In one
embodiment,
sequencing
may be
directed to
the side of
the primary
restriction
enzyme
recognition
site. This
may prevent
reading
random
ligation
events that
occur
rsduring the
second
ligation
step. In one
embodiment,
sequencing
may be
directed to
tbo side of
the
secondary
restriction
enzyme
recognition
site. ni
Data
analysis
Ligation
products
analysed by
4C
technology
are composed
of a 'home
address'
(target
nucleotide
sequence)
and an
interacting
nucleotide
strpence of
interest
(Pavel 



oddness').
In the case
of
single-plea
4C thic
`home
address' is
Imoon (being
the one
nage:Mintier
:tide
sequence
analysed).
In cases of
multiplex
4C, the
'home
address' is
identiati by
electronical
ly comparing
5 thr
obtained
target
nucleutide
sequence
against a
library/data
base
containing
all target
nucleotide
sequences
included in
the
analysis.
The obtained
'travel
address' 6..
nucleotide
sequtmec of
interest) is
identified
by
electronical
ly comparing
its sequence
to a
library/data
base
containing
all genumic
DNA
fragments
that ate
located
between a
printary and
secondary
restriction
enzyme
recognition
site of
choice. To
visualise
the data and
facilitate
the
analysis, in
a !marred
embodiment
each
sequetiond
ligation
product is
plotted
graphically
along the
linear
template of
the
chromosome ,
at the
genornic
location of
the 'navel
address'
(nucleotide
sequence of
interest).
Unique
colour codes
reveathe
'home
address' of
each
ligation
pmduct and
to the
frequency of
detention of
each
ligation
product is
indicated
graphically.
Demonic
rearmaments
can be
detected by
dividing
each
interaction
frequency
measured in
the one
sample (e.g
obtained
from a
()anent)
over those
measured in
the other
sample (e.g.
from healthy
subject).
These values
can be
plotted
along the
linear
chromosome
templates as
well. is A
decrease in
DNA-DNA
interaction
frequency it
the test
sample is
indicative
for a
deletion.
Typically,
this
coincides
milli an
increase in
DNA-DNA
interaction
frequencies
for
sequences
beyond the
must distal
breakpoint
as measured
from thn
target
sequence An
increase in
DNA-DNA
interaction
frequency in
the test
sample is 25
indimitivc
for a
duplication.
Typiadly,
this
coincides
with a
decrease in
DNA-DNA
interaction
frequencies
for
sequences
beyond the
most distia
breakpoint
as measured
from the
target
sequence. An
inversion in
DNA-DNA
interaction
frequency in
the test
sample is
indicative
fort geonmic
inversion.
The
detection of
DNA-DNA
inter-a:lion
s across
chromosomes
is
indicative
for a
tranalocatio
n.
Breakpoints
are detected
as 30
described
for the
micro-array
analysis.
BlONIARRIeRS
The
identificati
on of
reanangmatat
ts - such as
tranoloattio
ra,
inversions
and
deletions.
which are
associated
with a
disease
allows the
identificati
on of
biomarkers
which can 5
be used to
diagnose the
disease. For
example,
hybridisatio
n probes or
PCR primers
can be
designed
which detect
a given
rearrangemen
t, and used
to cheeps:se
the disease
in a patient
PCR probes
can be
designed
according to
trhoiques
known in The
Mt such that
a region
susceptible
to
nearrangemer
rt in a
disease
state is
amplified
using the
prioress;
the name of
the
amplificatio
n product
will be
indicative
of The
presence or
15 absence
of the
disease.
Alternativel
y, hybridi
gam probes
or primers
can be
designed
which will
hybridise
exclusively
in the
presentee or
abseils of
the
rearrangemen
t Fusion
proteins
resulting
from
rearrangemen
ts can be
detected by
techniques
such as
antibody
detution
with
antibodies
designed
according to
techniques
known in the
art or mass
atonal 



IS The term
-subject
includes
mammals -
such as
ardmals and
humans 20
FSZEI The
agent may be
an organic
compound or
other
chemical.
The agent
may be a
compound,
which is
obtainable
from or
produced by
any suitable
source,
whether
natural or
anificial.
The agent
may be an
amino mid
molecule, a
pnlypeptide.
or a 75
clusciad
daisiaive
thereof, fly
a
combination
thereof. The
aeent may
even be a
polynueleoli
de molemle -
which may be
a sense or
an
anti-sense
molecule, or
an antibody,
for example,
a polyclonal
antibody, a
monockmal
antibody or
a monoclonal
humanised
antibody. so
Various
strategics
Man been
developed to
produce
monoclonal
antibodies
with human
character,
which
bypasses the
need for an
aniabody-pro
thring human
cell line.
For example,
useful mouse
nxmoclonal
antibodies
have lecm
"humanised-
by linking
rodent
variable
regions and
human
constant
regions
(Winter, G.
and
Milstein,
C(1991)
Nature 349,
293-299).
This teduces
the human
alai-mouse
immunogeniei
ty of the
antibody but
residual
immuuugcrici
ty is
retained by
virtue of
the foreign
Vaegion
framework.
Moreover,
the
antigen-bind
ing
specificity
is
esseMially
that of the
nrsine 5
donor.
CDR-grafting
and
framework
manipulation
(EP 0239400)
has improved
and refined
antibody
manipulation
to the point
where it is
possible to
produce
humanised
marine
antibodies
which are
marptable
for
therapeutic
use in
humans.
Humanised
antibodies
may be
obtained
using other
methods well
known in the
art (for
example as
described in
US-A-239400)
. 10 The
agents may
be attached
to an entity
(e.g. as
organic
molecule) by
a linker
which may be
a
hydmithable
bifunetiooal
linker
The entity
may be
designed or
obtained
from a
library of
compounds,
which may 15
comprise
peptides. es
well as
other
compounds,
such as
small
organic
molecules.
By way of
example, the
entity may
be a natural
substance, a
biological
macromolecul
e, or an
extract made
darn
biological
materials
such as
bacteria,
fungi, 



or animal
(padkularly
mammalian)
cells or
tissues, an
organic or
an inorganic
20 molecule,
a synthetic
await, a
semi-synthet
ic agent, a
Mistral or
fimetimal
mimed, a
peptide, a
peptidoinime
ties, a
peptide
okayed from
a whole
protein, or
a peptides
synthesised
syntheticall
y (such as,
by way of
example,
either using
a peptide
synthesizer
or by
recombinant
techniques
or
combinations
thereoE a
recombinant
agent, m
andhady. a
natural or a
non-natural
agent, a
fusion
protein or
equivalent
25 thereof
and mutants,
dmivativez
or
combinations
thereof.
Typically,
the intim
will be an
organic
compothad.
Fur some
instances,
the semi
compounds
will
comprise two
or more
hydrorrarbyl
groups. Hem,
the term
flpdmearbyl
group" means
a gimp
comprising
at least C
and It mad
may
optionally
59 comprise
one Sr more
other
suitable
substitucem.
Examples of
such
subsdtuents
may include
halo-,
alkom-,
nitro-, an
alkyl group,
a cyclic
gram Mc. in
addition to
the
possibility
of the
sabstithents
beings
cyclic
group, a
ambination
of
substitumats
may  form a
cyclic
group. lithe
hydrocarbyl
gaup
comprises
more than
one C then
those
carbons need
not
necessarily
be linked to
each other.
For example,
at least twn
of the
carbons may
he linked
via a
suitable
element or
group.
lints, the
hydruearbyl
group may
contain
hetero
atoms.
Suitable
hetem atoms
will be
apparent to
those
skilled in 5
the an and
include, for
insenace,
sulphir,
nitrogen and
oxygen. For
some
applications
. preferably
the entity
comprises at
least one
cyclic
group. The
cyclic group
may be a
PnlYcyclic
group, such
as a
lam-fused
polycyclie
group. For
some
applicalions
, the =My
ermtivises
at least the
one of said
cyclic
groups
linked to
another
hydrocarbyl
group_ 10
The entity
may contain
halo grows -
such as
fluoro,
ebloro,
bromo or
iodo groups.
The entity
may contain
one or more
or allqd
alkosy,
alkenyl,
alitylene
and
alkenylime
groups -
which may be
unbranded-
or
hranched-cha
in. 15 



DISEASE
Aspects of
the present
invention
may he used
for the
treatmmit
andfor
prevention
and/or
(happens
and/or
prognosis of
a disease -
such as
sluice
listed in
WO-A20
98109985.
For ease of
reference-
part of that
list is now
Provided:
maduphagc
inhibitory
and/or T
cell
inhibitory
activity and
thus,
anti-inflamm
atory
activity;
anti-immune
aunktnY,
inhibitory
effects
against a
cellular
=Poi humoral
immune
response,
including a
25 response
ant
associated
with
infiammatiot
e diseases
associated
with viruses
andor other
intracellula
r pathogens;
inhibit the
ability of
macrophages
and T cells
to adhere to
mdracelhdar
matrix
components
and
fibronectin,
as well as
up-regulated
fat receptor
impression
in T cells;
inhibit
unwantud
in:MilRe
reaction and
adiarnmation
ilk:lading
arthritis,
including
rheumatoid
arthritis,
inflammatioe
r associated
with 30
hypersensiti
vity,
allergic
reactions,
asthma,
systemic
lupus
erythematost
a, collagen
diseases and
other
autoimmune
diseases,
inflammation
associated
with
atherosclero
sis,
arteriosdero
ds,
atherosclero
tic heart
disease,
reperfusion
injury,
cardiac
arrest,
myncaidial
infarction,
vascular
inflammatory
disorders,
respiratory
distress
syndrome Or
other
cardiopuhnoo
.ary
diseases,
inflammation
associated
with peptic
alutt,
ulcerative
colitis am]
other
diseases of
the
gastrointest
inal tact,
hepatic
fibrosis,
liver
cirrhosis or
other
hepatic
diseases,
thyroiditis
or other
&nodular
diseases, 5
glomerulonep
hritis or
other renal
and urologie
diseases,
piths or
other
otortsinolar
yngological
diseases,
dennatifis
or other
dermal
diseases,
periodontal
diseases or
other dental
diresses,
orchids or
epididimo-or
chitis,
infertility,
orchids]
(naafis or
other
immune-relat
ed
testicular
diseases,
placental
dysfunction,
placental
ififietieffe
Y, hafitual
abortion,
celamPsin,
preecclampsi
a and other
immune
and/or to
infirm's-rel
ated
yrymmeologic
al diseases,
posterior
nveitis,
intermediate
uveitis,
alllefior
ulirtfis,
eonfimetivit
ie,
chorioretini
tis,
maple-fluids
, optic
nemitis,
intruocular
inflammation
, e.g.
salsifies or
cystoid
macular
oedema,
symPathethe
oPlablimia,
retinitis
pigmentosa,
immune and
inflammatory
components
of
degenerative
fcmdus
disease,
inflammatory
components
of ocular
trauma,
ocular
inflammation
is caused by
infection,
proliferativ
e
vitreo,relin
opathies,
acute
iscthaemie
optic
neumpathy,
excessive
scarring,
e.g.
following
glaucoma
filtration
operation,
immune
and/or
inflammation
reaction
against
scalar
implants and
other immmie
and
inflammatory
artated
ophthalmic:
diseases,
ertiammatien
associated
with
autoimmune
diseases or
conditions
Sr disorders
where, both
in the
central
nervous
'system
(CMS) or NI
in any other
ores; immune
and/or
inflammation
suppression
would be
beneficial,
Parleinson's
disease,
complication
and/or side
effects horn
treabnent of
Parkinson's
. disease,
AlDS-related
dementia
complex HI
Vaelated
eneephalopat
hy, Dmic's
disease,
Sydenham
chorea,
Alzheimer's
disease and
other
degeneradve
diseases,
conditions
or disorders
of lha CNS,
inflammatory
components
uf stokes,
post-Polio
syndrome, 25
1013111100
and
inflammatory
components
of
psychiatric:
disorders,
myelitis,
encephalitis
, subacute
sclerosing
thus-encepha
litis,
encephalomye
litis. acute
neirepathy,
subacute
neuropathy,
chronic
nettropathy,
Guillaim-Bar
re syndrome,
Sydectham
chute
myasthenia
previa
pseudo-tumou
r cerebri,
Down's
Syndrome,
Huntington's
disease,
thoyotrophie
lateral
sclerosis,
inflammatory
components
of CNS
compression
or CNS 30
trauma or
infections
of the CBS,
inflammatory
components
of muscular
atrophies
and
dystrophies,
and jasmine
and
inflammatory
related
diseases,
conditions
or disorders
of the
central and
peripheral
nervous
systems,
porttramnati
c
inflammation
, septic
shed,  102  



infectious
diseases,
inflammatory
complication
s or side
Teas of
surgery,
bone marrow
transplantat
ion or other
transplantat
ion
complication
s and/or
side
effects,
inflammatory
and/or
immune
complication
s and aide
effects of
gene
therapy, aft
due to
infection
with a viral
farrier, or
inflammation
associated
with ADS, to
suppress or
5 inhibit a
immoral
and/or
cellular
immune
msponae, to
treat or
ameliorate
monocyte or
leukocyte
proliferativ
e diseases,
e.g.
leukaemia,
by reducing
the amount
of monocylcs
or
lymphocytes.
, for the
prevention
and/or
treatment of
graft
rejection in
eases of
transplantat
ion of
natural or
artificial
teas, dame
and organs
such as
cornea, bone
marrow,
organs,
lenses,
pacemakers,
natural or
artificial
skin tissue.
Specific
cancer It
related
disorders
include but
not limited
to; solid
tumours;
blood born
tumours such
as
leukemias;
turner
metastasis;
benign
tumours, for
example
hemangiomas,
acoustic
mammas,
neuroaromax
traehomas.
and pyogenic
gnonnInmas;
timumatoid
arthritis;
pendasis;
ocular
angiogenic
diseases,
for example,
diabetic
relineeraila
y,
retinopatby
of
prernattaity
, macular
degeneration
, corneal
graft
rejection,
lICONattniar
glaucoma, 15
retroleatal
flbroplasia,
rubeoxis;
Osler-Webber
Syndrome;
myocardial
angiugenesis
; plaque
neovasculari
zation;
telangiectas
ia.;
hemophiliac
joints;
angiofibroma
; wound
granulation;
commay
collaterals;
cerebral
collar:ends;
arteriovenum
malformation
s; ischenik
limb
angingenesis
;
neovascular
glaucoma;
mtrolental
fibroplasia;
diabetic
neovaseulari
mion,
location:tor
related
diseases,
fractures,
vasculogamsi
s, 21
hematopoiesi
s,
ovulation,
menstruation
and
placentation
.
Preferably,
the disease
is cancer -
such as
acute
lymphituftic
leukemia
(ALI,),
acute
myeloid
leukemia
(ANIL),
adrenneortic
al cancer,
anal cancer,
bladder
caucus,
blind
cancer, hone
cancer,
brain ntmm,
breast
cancer,
Cancer of
tim female
genital
system, 25
cancer of
the male
genital
system,
central
nervous
system
lymphoma,
cervical
cancer,
childhood
rhabdonftosa
rcoma,
childhood
sarcoma,
chronic
Lymphocyte
leukemia
(CLL),
chronic
myeloid
leukemia
(CML), colon
and metal
cancer,
colon
cancer,
vatiometrial
cancer,
enduanctrial
sarcoma,
esophageal
cancer eye
cancer,
gallbladder
cancer,
gastric
cancer,
gastrointest
inal tract
cancer,
hairy cell
leukemia,
bead and
neck cancer,
bepatocellul
ar cancer,
Hodgkin's
disease,
hypopharynge
tti cancer,
linposi's
sarcoma,
kidney
cancer,
laryngcld
cancer,
leukemia,
livid
cancer, lung
cancer,
malipaant
tibmus
histiocytuma
, malignant
thymonatt,
melanoma,
mesothelioma
, 1
undliple
myclonm,
myeloma,
nasal cavity
and
paranasal
sinus
cancer,
nasopharynge
al cancer.
Dermas
system
cancer,
nemoblastoma
,
non-Hodgkin'
s lymphoma,
oral cavity
cancer,
oropharyngea
E cancer,
osteosarcamo
, ovarian
cancer,
pancreatic
cancer,
parathyroid
mama, penile
cancer,
pharyngeal
cancer,
pituitary
tumor,
plasma cell
5 neoplasm,
primary CIS
S lymphoma,
prostate
cancer natal
cancer,
respiratory
system,
retinoblasto
ma, salivary
gland
cancer, skin
cancer,
small
intestine
cancer soli
tissue
stomach
cancer,
stomach
mincer,
testicular
cancer,
thyroid
cancer,
urinary
system
cancer amine
sarcoma,
vaginal
cancer,
vascular
system,
Waidenshom's
macruglobidi
nemia and
Wilms'
tanner. CO
KITS 



The
materials
for me in
the methods
of the
present
invention
are ideally
suited for
preparation
of kits. 15
Such a kit
may comprise
containers,
each with
one or more
of the
various
reagents
(typically
in
concentrated
form)
utilised in
the methods
described
herein,
including,
for example,
a primary
restieliem
enzyme, a
seucmdary
restriction
enzyme, a
cross-linkin
g agent, a
ligation
enzyme (op.
a lipase)
and an agent
to reverse
the
moss-Wring
(eg. ao
proteinme
K).
Otigonuclani
des may also
be provided
in
containers
which can be
in any
fonts, cc.,
lyophilized,
or in
solution
(e.g., a
distilled
water or
buffered
sclution).et
c. 25 In a
prefaroi
aspect of
tbe present
invention,
there is
inovichal a
kit
comprising a
set of
probes as
dSribed
herein, an
array and
optionally
one or most
labels.
A net of
instructions
will also
typically he
included. SO
USLI
Advantageous
ly, the
present
invention um
be used in
order to
obtain
information
about the
spatial
orgaisati on
of nut-aide
sequences
such as
gnomic loci
in Wow or in
5 By way of
example, 413
ientmology
can be used
to study Me
throe
dimensional
((Tanned-ion
of one or
more gene
loci. in
particular,
this
technology
can be used
to study the
role of one
or mom
transcriptio
n factors in
the three
dimensional
orgzmisation
of one or
more gene
loth. 10 By
way of
further
example, 413
technology
can be used
In study the
rolecrates,
acting
fathom and
cis-regulato
ry DNA
elements. By
way of
farther
example, 413
technology
tan be yawl
to study
lung mugs
gone
regulation
in vitro or
in vivo. Ii
By way of
further
example, 4C
technology
ran be used
to study
intrinchnean
osomal
proximity
and
interaction.



By way of
further
example, 413
technology
can be used
to study
inter-chromo
somal 20
proximity
and
interaction.
By way of
further
example, 41:
technology
can he used
to identify
nucleotide
sequences
that
function
with a
promoter,
enhancer,
silencer,
insulator,
locus =Mot
region,
origin of
replication,
MAR, SAP,
centromere,
telemere or
any other
sequence of
interest in
a regulatory
network, By
way of
further
example, 413
technology
can basted
to identify
genes
raa1e,,csihl
t for a
phenotype
(disease) in
cases where
a mutation
and/or
deletion
happens to
affect a
distant
regulatory
element and
their
mapping
therefore
fails to
provide such
10infonnatio
rt  By way
of Bother
maniple, 4C
technology
can be used
to
eventually
'momenta the
spatial
conformation
of gene
loci, Large
genemie
regions or
even-
complete
chromosome's
. 5 By way
of farther
example, 4C
terinnoloff
can be used
to &Eno
potential
anchor
seqramous
that keep
certain
chromosomes
together in
the nuclear
space. By
way of
father
example, 4C
technology
cao be end
to
eventually
reconstruct
at high
resolution
the
positioning
of
chromosomes
with rammt
In erch
other. 10 By
any of
further
maniple, ce,
technology
can be med
in diagnosis
(ag- PlEsMal
diagnosis)
to detect or
identify
gemmio
rearrangemen
ts andfor
aberrations
- such an
translocatio
ns,
deletions,
inversions,
duplications
. 15 GENERAL
RECOaDNA
METHODOLOGY
TECHN1011ES
The present
invention
employs,
nnlMs
otherwise
indicated,
conventional
techniques
of chemisty
molecular
biology,
microbiology
,
mararrainant
DNA and
immlogy,
othich are
within tire
capabilities
of a person
of crab-may
shill in the
at Such 



so
teriminUtS
arc
explained in
the
litcorrare.
See, for
example, J.
Sambrook, E.
F. Fritrch,
and T.
Marnatis,
1989,
Molecular
Cloning: A
Laboratory
Manual,
Second
Edition,
Books 1-3,
Cold Spring
Harbor
Laboratory
Press;
AnsubeL F.
M. et aL
(1995 'and
periodic
supplements;
Cra-reat
Protocols.
in Mokcular
Biology, ch.
9, 13, and
16, .1tha
Wiley &
Sons, New
York,
N.Y.811:Reci
,"1.
Crabtree and
A. ;Kahn,
1996, DNA 75
Isolation
and
Sequencing:
Essential
Techniques,
bran Wiley &
Sons; At J.
Gait-
(Editor),
1984,
Ofigommteati
cle
Synthesis: A
Practical
Approach,Gt
Press; and,
D. M. ml
Tilley and
J. E.
Dahlberg
1992,
Methods' of
Engyinoionn
DNA
Structure
Fart A:
Synthesis
and Physical
Analysts of
DNA Methods
in
Ennymoleths,
Aradearic
Piths.  The
invention
vitt now be
further
described by
way of
Me-amide,
which are
meant to
serve to
assist one
of ordinary
skill in the
art in
carrying out
the
invention
and are not
intended in
any way to
limit the
scope of the
invention. 5
EXAMPLE I
Materials
&Methods
section Mar
goes with
figure 2.
13, 14, Id,
16, 17, 19
4C
technology
10 The
initial
steps of rho
3C
technology
procedure
were
performed as
described
previously
(Splinter et
al. (2004).
Methods
Enzannol
375, 493-507
(2004),
yielding
ligation
products
between
ITuadEI
fragments.
This
Hindflaligat
ed 3C
template
(-50 pg) was
digested
overnight at
10OngTol
with 501LT
of a
secondary,
frequent
curling,
restriction
enzyme,
being either
Dann (H62,
Rad23A) or
NlaUl
(0-major).
To avoid as
constraints
in DNA
circle
fommtion
(Rim,o to al
(1995)
'french
Bloc/rem Set
20, 500- '
6), care was
taken to
choose a
secondary
rmbietion
enzyme that
did not cat
within about
350-400 by
from the
HindlII
restriction
she that
demarcates
liar
mstriction
fragment of
interest
(i.e. the
'bald).
After
secondary
striation
enzyme
digestion,
DNA was
phenol
extracted,
ethanol
precipitated
mid
subsequently
Egated at
low 20
cunraWation
(50 pg
sample in 14
ml using 200
U lapse
(Roche), 4
hours at
16C) to
promote
Dealt- or
Dpnli-circle
formation.
ligation
products
were phenol
extracted
and ethanol
precipitated
, using
elyeogen
(Roche) as a
carder
(Mpg/mi).
The circles
of interest
were
'incensed by
digesting
overnight
with a 5071
of a
tertiary
refixietiun
enzyme that
cuts the
bait in
between the
primary and
secondary
'ethic-Eon
enigma 25
nxognition
sibs, using
the
following
resinous
manes Spel
(HS2), Oct
(Rad23A) and
Pflral
(0-major).
This
lincarisatio
n step was
performed to
facilitate
subsequent
primer
hybridizatio
n during the
first rounds
of OCR
amplificatio
n Digested
products
were
purified
using a
Q1Agnick
nucleotide
removal
(250) column
(HMOs* 



30 PCP
reactions
were
penearned
using the
Expand Long
Template ?CR
system
(Roche),
using
renditions
carefully
optimised to
assure
linear
amplificatio
n of
fragments
sized up to
1.2 Ida (BO%
of 4C-9CR
fragments
are smaller
than 600
bp). PCR
conditions
were as
follows:
94N2 for 2
minutes, 30
cycles of
94C for 15
seconds, 55C
fur I minute
and 68C for
3 minutes,
followed by
a final step
of 68C for 7
minutes. The
maximum
amount of
template
that will
shows liner
range of
amplificatiu
n was
determined.
For this,
serial
dilutions of
template
were added
to PCR
reffifirms,
amplified
DNA material
teas ma out
on an
agarosc gel
and PCR
product were
quantified
using
ImageQuard
software.
Typicany,
100-200 on
of template
per 50 al
PCR reaction
gave
products in
thd linear
range of
amplificatio
n. 16 to 32
PCR
reactions
were pooled
and purified
this 4C
template
using the
Q1Aquick
nucleotide
removal
(250) system
(Qiagen).
Purified 4C
template was
labeled and
hybddized to
10 arrays
according to
standard
ChIP-chip
protocols
(Nimblegen
Systems of
Iceland,
Eke).
Differential
ly labeled
giviumie
DNA, which
was digested
with the
primary and
secondary
enzyme used
hi the 9C
procedure,
served as a
control
template to
correct for
differences
in
hybridisatio
n
efficiencies
. for each
experiment
two
independentl
y processed
samples were
labeled with
altermac dye
orientations
. 15
4C-Praner-se
quences used
F162:aNACTIC
CTACACATTAAC
OMKflt, it-
GCIZTTATCCCT
TTITICTICTAG
3' Ilad23A5"
TCACACMCGAAC
TAGOCC-3',
5t-
CCTTCCTCCACC
ATGATOA-3'
P-major5'-AA
CGCATITOCTCA
ATCAACT'ACIM
-3',
25di-OITOCTC
CTCACATTIGCT
ICTOAC-1'
Was Arrays
and analysis
were based
on NOM build
m34. Probes
(60-nmell
were
selected 



front the
supine-es
100 hp up
-and
dovenstream
of Rindill
sites. The
CO-content
nut 10
optimized
towards 50%,
for uniform
hybridizatio
n signals.
To prevent
mom-
hybridizatio
n, probes
that had any
similarity
with highly
abundant
repeals
(RepBase
10.09)' were
removed from
the probe
set In
addition,
probes that
gave mule
than two
BLAST MD in
the genome
were also
removed from
the probe
net Sequence
alignments
were
Performed
using
MeaftBTAST
("hang trot
(2000) .1
Cornrow Biol
7, 203-14)
using the
standard
wallies. A
hit IWIS
defined as
an alizoment
of 30 nt or
longer. 5
4(Td4ta_anal
psB The
signal ratio
4C-sample/wi
no:min DNA
was
calculated
for each
probe and
the data was
visualized
with
SignalMap
software
provided by
Nimblegen
Systems.
Data were 10
analyzed
using the R
packagei2rg)
,ect. Septum
and Excel.
Unprocessoi
hybridisatio
n ratios
showed
cholera of
20-50
positive
4C-signals
along the
chromosome
template. To
define these
clusters, a
running mean
was applied.
Various
window sizes
were used
imaging from
9-39 probes,
which all
identified
the same
clusters.
Results
nisuwn were
bused on a
window size
of 29 probes
(on average
D 60 kid and
were
compared to
the running
mean
performed
across
randomized
data. This
was done for
each array
separately.
Consequently
, all
nieasureinen
n were
appreciated
relative to
the
amplitude
and noise of
Mat specific
army. The
False
Discovery
Rate (FDR),
donned as
(no. false
positives)/
(no. of
lithe
positives
no. of true
positives)
was
determined
as follows:
(number of
positives
late
randomised
set) 20
((number of
positives in
the data).
The
threshold
level was
determined
using a top
down
approach to
establish
the minimal
value for
which:
FDR50.05.
Next,
biological
duplicate
experiments
were
compared.
Windows that
met the
threshold in
both
duplicates
were
considered
positive.
When
comparing
randomized
25 data, no
windows were
above
throshold ht
hot
duplicates.
Prisitive
windows
directly 



adjacent on
the
chromosome
template
were joined
(no gaps
allowed),
creating
positive
Eypron
analysis 30
For each
tissue,
three
independent
micmarrays
were
performed
according to
Affymetiah.
protocol
(moose 4302
arrays).
Data were
normalized
using RMA
camas;
www.biocondu
ctonarg) and
for each
probe-sat
the
maentrements
or the three
microannes
wee
averaged_ In
addition,
when
multiple
probe-sets
rthatherawl
the same
gene, they
were rise
averaged.
Mas5calls
(Atf)'
library,
www.biocandu
ctorarg) was
used to
establish
"present",
"abseil" and
"marginal"
calls. Genes
with a
"present"
call in all
three arrays
and an
expression
value bigger
than 50 were
called
expressed. 5
'Fetal
Liver-speeiG
c genes were
classified
as genes Mar
met sus
criteria of
being
expressed in
fetal liver
and bad more
than live
times higher
expression
values
compared to
fetal brain.
To preside a
measure of
overall
transcriptio
nal activity
rowed each
gene, a
rwming sum
was applied.
for this, we
used
log-transfor
med
expression
values. For
each gene we
calculated
the sum of
the
expression
of all genes
found 171 a
10 window
100 kb
upstream of
the start
and 10011
downstream
of the end
of the gene,
including
The gene
'Weft.
Resulting
values the
active genes
found inside
positive 4C
regions (n =
124, 123 and
208
respectively
for 1152 in
liver,
Pad23A in
brain and
Ra523A in
liver) were
compared In
the values
obtained for
active genes
outside
positive 4C
areas (n
-153,311
and 186,
respectively
, whom n=153
conertgond.s
to the 25
number of
active,
non-interact
ing, genes
present
between the
most
centromeric
interacting
region and
the whinere
of
chromosome
7); the ewe
groups were
compared
using a one
tailed
Wileoxon
rank sum
test 51511
umbel 20 me
fallowing
BAC clones
(BACPAC
Resources
Centre) were
used;
12P23-370E12
for Ilbb-1,
RP23-3171116
for ehr.7at
80.1Mb (OR
gene
duster),
RP23-334E9
for Ithrs,
R1'23-32C19
for ehr.7 at
118.3 Mb,
RP23-143F10
for ehr.7 at
130.1 Mb.
RP23-470N5
for eth.7 at
73.150b,
RP23-247L1I
fur dal at
135.0Mb (OR
gene
cluster),
2113- 136A15
for Rad23A,
RP23-307P24
for cla.8 at
21.8 Mb and
RP23-460F21
for chr.8 at
25 122.4 Mb.
For a
chromosome 7
centathere
specific
probe we
used PI
clone 5279
(Genuine
Systems inn)
that anneals
to DNA
segning
D7MO21.
Random prime



labeled
probes were
prepared
using
Biothime
Array CASH
(gnomic
Labeling
System
(lnvitrogen)
. Prior to
labeling,
DNA was
digested
with Dpnll
and purified
with a DNA
clean and
concen-Bator
-5 InSt
(Zymo
rthearch).
Digested DNA
(300 ng) was
labeled 30
with
SpectrumGrea
t dull'
(Vysis) or
Mesa fluor
591 dUTP
(Moleenlar
probes) and
purified
through a
OFX PCR DNA
and Gel Band
Purification
kit
(Arnersham
Binsciences)
TO remove
unincorporat
ed
nucleotides.
Specificity
of labeled
probes was
tested on
metaphase
spreads
prepared
from amine
ES cells.
Crvo-FISH  5
Cryn-FISH
was
performed as
described
before 5.
Briefly,
11514.5
liver and
brain were .
fixed for 20
min in 9%
prafamahlehy
de./250 mM
HEWS, pH 7.5
and cut into
anal tissue
blocks,
followed by
(mother
fixation
step of 2
his in 8%
paraformalde
hyde at 4C.
Fixed tissue
blocks were
immersed in
2.3 M
sucrose la
20 min at
mom
temperature.
mounted on a
specimen
holder and
ansp-frozen
in liquid
nitrogen.
Tissue is
blocks were
stored in
liquid
nitrogal
until
sectioning.
Dltratain
carosertions
of
approximstel
y 200 um
were cut
using an
Reichert
litaanicroto
me E
equipped Ma
rturrattactu
nail
(Lciea).
Using a limp
filled with
sucrose,
actions were
transferred
to erwaslips
and stored
at -20C. For
hybridizatio
n, stations
were washed
with PBS to
remove
sucrose,
treated with
250 agml
Rgase in
2e55C for I
hr at 37C,
incubated IS
for 10 min
in 0.114
HCL,
dehydrated
in a series
of ethanol
and
denatured
for 8 min at
80C in 70%
fonnamider2x
SSC. pH 7.5.
Sections
were again
dehydrated
diradY Nat
to probe
hybridizatio
n, 5E0 ng
labeled
probe was
co-precipita
ted with 5
la of masse
Coll DNA
(Invitrogen)
and dismayed
in hybmix
(50%
formarnide,
10% dermas
sulfide,
2xSSC, 5(1
mlvl
phosphate
buffer, pH
7.5). Probes
were
denatimad
for 5 min at
20 95C,
rcannealed
for 310 min
at 37C and
hybridized
for at least
40 as at
37C. After
parhybddizat
ion washes,
nuclei were
muntastained
with 20
rigimi DAN
(Sigma) in
PBS/0.05%
Tween-20 and
narrated in
Prolong Gold
antifade
reagent
(Mokaular
Probes).
es were
collected
with a Zeiss
Axle gager
Zl
saflareseenc
e microscope
(x100 plan
apocbromat,
1.4 ofi
objective),
equipped
with a CCD
camera read
Isis FISH
Imaging
System
software
(Metasystems
). A minimum
of 2511
3-globin or
Rad23A
alleles was
analyzed and
scored as
overlapping
or
non-overlapp
ing with
BACA located
elsewhere in
the gamine,
by a person
not knowing
the probe
combination
applied to
70 the
sections
Replicated
goodness-of-
Re tests
(G-starisfic
) 6 were
performed to
assess
significance
of
differences
between
values
measured for
4C-positive
versa 4C
negative
regions.
Overview of
the results
is provided
in Table 2.
Ahhough we
found
statisticall
y
significant
differences
between
backgrotmd
(0.43.0%) 



and true
(5-20.4%)
interaction
frequencies,
it may he
char that
frequencies
measured by
aye-FISH are
lower them
those
measured by
others ming
different
FISH
protocols. 5
Sectioning
may separate
some
interacting
loci and
aye-FISH
measarements
will
therefore
slightly
underestimat
e true
interaction
frequencies.
On the other
hand, claret
2I)- and ID
FISH
procedures
will
overestimate
these
percentages
due to
Issued
resolution
in the
edireetion.
In the
future,
improved
microscopy
tecimiques
in
combination
with mom
specific
FISH probes
will better
reveal true
interaction
tofrequencie
s. MILLPLEZ
The IC
pmcedure
(i.e
fommIdehyde
fixation,
(primary)
restriction
ens)me
digestion,
Is
re-ligation
of
cross-linked
DNA
fragments
and DNA
purification
) is carried
out
essentially
as described
(Splinter ei
at, (2004)
Methods
Enzymol.
375:
493-507),
yielding a
DNA mixtum
('3C
template')
containing
reatricfinn
fragments
that are
ligated
beermse they
were
originally
close in the
nuclear
space. 70
Inverse PCB,
is performed
to amplike
all
fragments
limed to a
given
restriction
fragment
('hair;
chosen
because it
contains a
promoter,
enhancer,
insulator.
matrix
attachment
region,
origin of
replication
or any other
first
(target)
nucleotide
sequence).
For this,
DNA circles
are amain by
digesting
the 3C
template
with a
secondary 25
restriction
enzyme
(preferably
a frequent
cutter
recognizing
tetra- or
lenta-nucler
tide
sequences),
followed by
ligation
under dilute
conditions
such that
iota-molecul
ar
interactions
are
favoured. To
minimise a
bias in
circle
formation
due to
topological
constraints
(Rippe at
al, (2001)
Trends in
Bitachem
Schmens 26,
733-40), a
secondary
restriction
enzyme
should be
Mos= that
preferably
cuts the
bait at
>350-4011bp
from 30 the
primary
restriction
site. To
increase
inverse PCR
amplificatio
n efficiency
and
reproducibil
ity, circles
ore bed
linearised
before PCP
amplificatio
n by a
restriction 



enzyme (cp.
at or more
bp cutter)
that cuts
the bait
between the
diagnostic
and
scrondary
restriction
site.
Digestion of
the 3C
template
with the
secondary
restriction
enzyme,
circularisat
ion 5
through
ligation
under
diluted
conditions
and
1trrouisatio
n of
baitrroutain
ing circles
axe
performed
trades
conditions
standard for
such DNA
manipulation
s to yield a
DNA template
for inverse
FOR
amplificatio
n (4C
template).
Accordingly,
10 pg of 3C
template is
digested in
100 pi with
20U of the
secondary to
restriction
enzyme
(overnight),
followed by
heat-inactiv
ation of the
enzyme and
DNA
purification
, ligation
is performed
in 10 ml (I
nett' DNA)
with 50U 14
lipase (4
hrs at 16C,
30 Mill at
RT),
followed by
DNA
pdification.
Finally,
linearisatio
n Of the
circles of
interest is
done in 100
pl with 201:
of
restriction
enzyme
(overnight),
followed
again by DNA
purified:inn
. 15 For
inverse PCR,
two
boll-specifi
c primers
are
designed,
each as
close as
possible to
the primary
and directly
neighboudag
secondary
restriction
enzyme
recognition
site,
respectively
; and each
with its
Tend facing
outwards so
that
extension
proceeds
immediately
across the
restriction
sites into a
fragment
'looted to
the bait.
Inverse PCR
20 with
these
primers is
preferably
carried out
on 100-400
ng DNA of 4C
template
(per 50 pl
PCR reaction
mix), to
include a
maximum
number of
ligation
events per
OCR
reaction. We
perform errs
FUR applying
the Expand
Long
Template OCR
System
(Roche),
using buffer
1 according
to
manufacturer
's
procedures.
25 The
lisgoedsig
PCR :cycles
de
trerfarmed,
I. 2 min 94C
2. 13 sec
94C
3. 1 min 55C
304. 3 min
68C 5.
TelICE4 step
2-4 29x (or
anything
between
25-40x) 6. 7
min 6RIC  



7. end Gel
electrophore
sis is
pertiumed to
analyse
reproducibil
ity between
individual
PCR
reactions.
Typically,
identical
product
patterns
should be
obtained 5
In order to
obtain
sufficient
material for
labelling by
random
priming and
army
hybridisatio
n, multiple
FCR
reactions
(each
obtained
after 30
cycles of
PCR) can he
pooled,
(instead of
increasing
the number
of PCR
cycles per
reaction).
As an
alternative
for random
primed
Labelling,
labelled
nucleotides
can be
incorporated
in the to
last cycles
of PCR (e.g.
30 cycles
(no label) +
10 cycles
(label)).
Detection
rdiranslocat
ion ((stay
IC
technology,
It 4C
technology
is used to
measure the
interaction
frequencies
fore given
sequence X
present on a
given
chromosome A
in cells
from a
healthy
subject and
in cells
from a
Patient
carrying a
single,
reciprocal,
tanslocatinn
between
chromosome A
and B wills
the
bre:akpaint
being close
to sequence
X (as shown
in Figure
8). 20 In
normal cells
this
analysis
reveals
etevated
hybridindion
signals
(i.e.
frequent
intgoations
with X) for
(almost)
every probe
located
within
0.2-10Mb of
soquence X
on
chromosome A
(the actual
size niche
chromosomal
region
showing
strong ems+
lisileing
go..eds
deramds
mostly on
the
complexity
of the
sample that
was
hybridized
to the
array).
Elsewhere on
the same
chromosome
A, anvil as
on other
chromosomes,
no such lame
region (on
the linear
DNA
template) of
probes with
elevated
hybridizatio
n signals is
observed. In
patient
ee/Is
however,
hybridizatio
n signals
with all
ehmmosome A
probes
located 30
am the other
side if the
breakpoint
are reduced
by -50% (one
copy of
chromosome A
is still
intact and
will produce
normal
signals),
while a
unique not
present in
normal
cells)
concentratio
n of
elevated
hybridizatio
n signals is
observed for
probes
bordering
the
breakpoint
on
chromosome
13. In fink
Are abrupt
transition
betwixt,
probes
showing no
versus
strong
hybridiudion
signals on
chromosome H
resents the
location of
the
breakpoint
on
climmosome
B. EXAMEI.E
4 Analysis
of IC
technology
results 



40
technology
was used to
characterise
the gnomic
environment
of the mouse
it globin
locus
control
region
(LCR),
focusing on
a rennet:ion
fragment
containing
its
hypersensiti
ve site 2
(1492). The
LCR is a
strung
erythroid-sp
ecific
transcriptio
n regulatory
element
required for
high levels
of fi-globin
gene
expression.
The it-slain
locus is
present on
chromosome 7
at postilion
97 Mb, where
it resides
in a large,
2.9 Mb,
cluster of
olfactory
receptor
genes that
are
nanseribed
unly in
olfactory
neurons. 15
Interactions
were
an.a132ed in
two tissues:
E14.5 fetal
liver, where
the LCR is
active and
the
fl-globin
maws are
transcribed
highly, and
E14.5 fetal
brain, where
the VCR is
inactive and
the globin
genes are
silent. in
both
tissues, the
groat
majority of
interactions
were tbuod
with
sequences on
chromosome 7
and very few
LCR
interactions
were
detected
with six
unrelated
chromosomes
(i, 10, II,
12, 13, 14)
211 (Figure
12a). The
strongest
signals on
ehmmosome 7
were Sound
within a
5-10 Mb
region
cantered
around the
chromosomal
position of
H-globirh in
agreement
with the
idea that
interaction
frequencies
re invtasely
ympottional
to the
distance (in
bascpairs)
between
physically
linked DNA
sixpences.
It was not
possible to
interpret
the
interactions
in this
region
quantitative
ly. We
reasoned
that these
nearby
spurs:tees
25 were
together
with
0-globin so
frequently
that their
lame
overrepresen
tation in
our
hybridisatio
n samples
satuated the
correspondin
g probes.
This was
confirmed
when we
perfonned
hybridisatio
ns with
samples [EMS
5:10 and
1:100 and
found That
signal
intensity
was reduced
at probes
outside and
at the edge,
but not
inside this
region (data
not shown),
it  The 4C
pmcedure
yielded
highly
reproducible
data. Figure
2b-c shows
unprocessed
ratios of
4C-signals
over control
hybridindion
signals for
two 1.5 Mb
legions on
cluomosome
7, roughly
25 Mb and 80
Mb away from
the
lirglobin
gum Al this
luAciof
resolution
the rosults
frost
independentl
y processed
samples were
almost
identical. o
Roth in
fetal liver
and in
brain,
clusters of
positive
signals 5Var
identified
on
chromosome
7, often at
chromosomal
locations
tens of
megabases
away from
liglobin.
These
clusters
typically
consisted of
minimfily
20-50 probes
with
increased
signal
ratios
Juxtaposed
on the
ohm:nose=
template
(Figure
12b-c). Each
probe on the
array
analyses an
independent
ligation
event,
Moreover,
anly two
copies of
the 10 H.52
restriction
fragment arc
present per
cell, each
of which can
only lignie
to one other
restriction
liagment.
Therefore,
the
detection of
independent
ligation
events with
20 or more
neighbouring
restriction
fragments
strongly
indicates
that the
correspondin
g locus
coolants the
(1-globin
LC.It in
multiple
cells. ItTo
determine
the
statistical
significance
of these
clusters,
data of
individual
experiments
were ordered
on
clnomosomal
maps and
analysed
using a
umning mean
algorithm
with a
window size
of
approximatel
y 60 kb. The
running mean
distribution
of randomly
shined dant
was used to
rot a
threshold
value,
allowing a
false
discovery
ran of 5%.
This
analysis
identified
66 clusters
in foetal
liver and 45
in brain
that 20
reproducibly
were found
in duplicate
experiments
(Figure
12d4).
Indeed, high
resolwion
FISH
confirmed
that such
clusters
truly
mmuseat loci
that
interact
frequently
(see below).
Thus, 4C
technology
identifies
long-range
interacting
loci by the
deter-lien
of 25
independent
ligation
events with
multiple
restriction
Raga:vs
clustered at
a
chromosomal
position_ A
completely
independent
series of 4C
experiments
was
performed
with a
different 



inverse PCR
primerset
that
investigated
the genornie
environment
of the 11
major gene,
75 located
-50 kb
downstream
of 452. In
foetal
liver, the p
major gene
is highly
transcribed
and
frowerilly
contacted by
the I.CR
Almost
identical
clusters of
long-  range
interactions
with II
major as
'sills HS2
were found,
both in
foetal liver
and in
brain,
further
substantiati
ng that
these loci
frequently
contact the
p-globin
locus
(Figure 16).
5 EXAMPLES
The active
and tractive
/3-glnlan le
as occupy
distinct
gem:ureic
environments
. A
comparison
between the
two tissues
revealed
that the
actively
transcribed
0-glebin to
locus in
foetal liver
interacts
with a
completely
different
set of loci
than its
transcriptio
ntriy silent
counterpart
in brain
(,40.03;
Seaman's
Rank
correlation)
(Figure
12.f). This
excluded
that results
were
influencer'
by the
SeglItMee
composition
of the
prelim. In
foetal
liver, the
interacting
DNA scgmmts
were located
nithin a 70
Mb 'Hien
centred
around the
11-globin
locus, with
the majority
(40/66)
located 15
towanis the
'Moms= of
chromosome
7. In foetal
brain,
interacting
loci watt
found at
similar or
even larger
distances
Rum p-gtobin
compared to
foetal liver
and with the
great
majority of
interactions
(43/45)
located
towards the
eentromere
of
chromosome
7. These MN
demonstrated
that the
active and
is Il-globin
locus
contact
different
parts of
ebmmosome 7.
25 Six other
chromosomes
(8, 10, 11,
12, 11 rind
14) were
represented
on the
micromrays.
Strong
hybridisatio
n signals on
these
chromosomes
were are,
typically
appeared
isolated on
the linear
DNA template
and often
were absent
from
duplicate
experiments.
Also,
running mean
levels amiss
them
chromosomes
never
reproducibly
25 came
close In the
levels
soured for
chromosome 7
(Figure 17).
Thus, our
data showed
that the
p-globin
locus mostly
contacted
hid
elsewhere on
the same
chromosome,
in agreement
with the
preferred
location of
this haus
inside its
own
chromosome
territory.
We note that
the cbglabin
locus was
also present
on ilie
array
(chruautrume
IA) and did
not scare
positive for
interaction
with
laglobin, in
smeary:at
with the 35
recent
dememstratio
n by FISII
that mouse
ar and
ft-globin do
not
frequently
meet in the
nuclear
space
(Brown,). M.
etal.
(200).1Cell
Biel 172,
177-87).  In
order to
better
understand
the
relevance of
the observed
iongaange
intasaions
on 



chromosome
7, we
compared the
interacting
loci to the
chromosomal
positions of
genes. In
addition,
Afiymetrix
expression
array
analYsis was
Performed to
determine 5
transcriptio
n activity
at these
positions in
the two
tissues.
Although the
average size
of
interacting
areas in
foetal liver
and brain
was
comparable
(183 kb and
159 kb,
respectively
), dramatic
differences
were
observed in
their gene
content and
activity. in
fatal liver,
80% of the
0-globin
interacting
loci
contained
one or more
actively
transcribed
genes, while
in foetal
Train the
great
majority
(87%) showed
no
detectable
10 gene
activity
(Figure 14).
Thus, the
P-globia
locus is
embedded in
a very
different
genomic
aavizonment
in the two
tissues. In
brain: where
the locus it
net active,
it primarily
contacts
nansaiptiona
l silent
loci located
towards the
centromere
of
chromosome
7. In foetal
liver, where
the locus is
highly
active, it
interacts
preferential
ly with
actively
transcribed
regions
located more
prominently
towards the
15 -Womack
side of
chromosome
7.
Importantly,
eIC
teelmology
identified
bnth Urns
and Eraf,
(-30Mb away
from
11-globinfas
genes
interacting
with the
active
111-globin
locos in
fetal liver,
in agreement
with
previous
observations
made by
FISII
(Osborne, C.
S. et at
(2904) Not
Genet 36,
10(5.71
(2004)).
Interostingl
y, in brain
contacts
were
observed
with the two
other
olfactory
receptor
gene
clusters
present on
chromosome 7
20 that were
located at
.ch side of,
arid 17 and
37 Mb away
from,
fi-globin.
Not all
transcribed
regions on
chromosome 7
interact
with the
active
p-globin
locus in
&teal liven
Therefore,
we searched
for a
denominator
shared
exclusively
by the
interacting
loci but not
by other
active
regions in
fetal liver.
The p-glohin
genes, Uros
25 and Eraf
are all
erythroid-sp
ecific genes
that may be
regulated by
the same net
of
trauscriptii
m factors,
mid it is an
attractive
idea that
these
factors
co-ordinate
the
expression
of their
target genes
in the
nuclear
pace. We
compared
Affymetrix
expression
any data
from E14.5
familiar
with that of
foetal brain
to idemii fy
genes
expressed
preferential
ly (>5-fold
more) in
foetal
liver. As
such, 28% of
the active
30 genes on
chromosome 7
were
classified
as 'Tata
livotispaifi
efi, of
which 25%
were found
in a
co-localisin
g ma_ elms,
we found uo
enrichment
of "foetal
liver-specif
ic" 



genes in the
co.lualising
areas. More
importantly,
49 out of 66
(74%)
interacting
regions did
not corder a
"foelnl
liver-specif
ic' and it
is therefore
concluded
that our
data showed
no evidence
for
cc-ordinate
impression
of
tissue-speci
fic genes in
the nuclear
space. The
11-globin
genes are
transcribed
at
exceptional
high rates
and it was 5
next asked
whether the
locus
preferential
ly
interacted
with other
regions of
high
transcriptio
nal
activity,
being either
highly
expressed
genes or
areas with a
high density
of active
genes. Using
Affymetrix
miens as a
measure for
gene
activity, we
performed a
running sum
algorhlua to
measure
overall
transcriptio
nal activity
within 200
kh regions
around
actively
transcribed
genes. This
analysis
revealed
'that 111
mmseriptiona
l activity
around
interacting
genes was
not higher
than around
non-
interacting
active genes
an
chromosome 7
(p T 0.9867;
Wilcoxon
Rank sum).
E1CAe_tb IS
The genamic
environment
of to
homakeeping
gene a
largely
conserved
between the
h wast
investigated
whether a
gene that is
expressed
'unsilarlyin
both tiumn
also switMcs
its genomic
environment.
Rad23A is a
ubiquitously
expressed
L'eno that
21.1 resides
in a
gene-dense
cluster of
mostly
housekeeping
genes on
chromosome
B. Both in
E14.5 Metal
liver and in
brain, this
gene and
many of its
direct
neighbours
are active.
9C analysis
was
performed
and
identified
many
long-range
interactions
with loci up
to 70 Irila
away from
Rad23A.
InipOrbintly
,
interactions
with Red23A
were highly
correlatch
between
foetal liver
and brain
(c=0.73;
Spearman's
Rank
correlation)
ss (Figure
14a). A
shared
hallmark of
these loca
was again
that they
contained
actively
transcribed
genes. This,
in both
ussuas
roughly 70%
contained at
least one
active 



gene (Figure
14b-c).
Regions
around
interacting
genes
displayed
statisticall
y
significant
higher
levels of
gene
activity
compared to
active genes
elsewhere on
the
chromosome,
as
determined
by a rumnag
sum
algorithm <
0.001 for
hot
tissues). 30
Thus, unlike
the
fi-globin
locus, the
Rad23A gene
that is
located in a
gene-rich
region
preferential
ly interacts
over
distance
with other
chromosomal
regions of
increased
transcriptio
nal
activity. It
was observed
by FISHdna
the
chromosomal
arm
containing
Rad23A
resides
mostly at
the edge
01(90%) or
outside
(10%) its
chromosome
territory
(unpublished
, D.
Noordermeer,
M. Branco,
A. Pombo and
W. de Loot).
however, the
4C analysis
only
revealed
intrahhromos
etomal
interactions
and no area
en
chromosome
7, 10, II,
17, 13 or
14,reproduci
bly met our
stringent
criteria for
interaction.
Thus, 5
Itad23A is
mostly
involved in
intramhromos
omal
interactions
that axe
similar in
two very
different
tissues. E
Rad23A has
preferred
'ghbouting
lore on
these
unrelated
chromosomes,
they do not
interact
frequently
enniult to
be detected
nuns the
conditions
used here
for 4C
technology.
It EXAMPLE?
Validation
of 4C
technology
by
high-resolut
ion
microscopy
To validate
the results
obtained by
4C
nylsmennYi
siOn-InXId
experiments
were is
performed.
CryofrISH is
a recently
developed
microscopy
teclmigue,
which has
the
advantage
over current
3IFFISII
protocols
that it
better
preserves
the nuclear
ulna-
structure
while
offering
improved
resolutinn
in the
z-axis by
the
Prolmmtion
tif ultra-
thin
crythsection
s (Bremen,
M. EL &
Pomba, A
(2006). VMS
Riot 4, el
38). 4C data



were
verified by
measuring
how frequent
ft-giobin or
Rad23A
alleles
(always
nw250) 20
Do-localised
with more
than 15
selected
chromosomal
regions in
200 mil
ultra-thin
sections
prepared
from E14.5
liver and
brain.
Importantly,
all
interaction
frequencies
measured by
cryo,FISH
were in
perfect
agreement
with the 4C
results
(Figure 16).
For example,
distant
regions that
were
identified
to interact
with
p-globin by
4C
technology
co-Inegised
more
frequently
than
intervening
areas not
detected by
4C 75 (7.4%
and 9.7%,
versus 3.6%
and 3.5%.
respectively
). Also, the
two distint
olfactory
ramptor acne
clusters
identified
by 4C
technology
to interact
with
Popelobin in
foetal bemin
but not
liver scored
co-localisat
ion
frequencies
respectively
of 12.9% and
7% in brain,
versus 3.6%
and 1.9% in
liver
seeliesis.
In summary,
co-localisat
ion
frequencies
measured for
loci
positively
identified
by 4C
technology
were all
significantl
y higher XI
than
frequencies
measured far
background
loci
(pg).05;
&len), We
concluded
that 4C
technology
Thithfully
identified
interacting
DNA loci.
Finally, we
used
cryo,FISH to
demonstrate
that lotS
identified
to interact
with
D-globiu
also
frequently
contacted
each  other.
This was
true for two
amiveyegions
separated
over large
chromosomal
distance  in
foetal liver
(Figure 17)
as well as
for two
inactive OR
gene
clusters far
apart on the
chromosome
in brain
(Figure 16).
Interestingl
y, ficquera
contacts
between
these two
distant OR
gene
clusters
were also
found in
foetal
liver, shore
they did not
interact
with the OR
gene cluster
that
contained
the actively
transcribed
D-globin
locus. These
data
indicated
that nuclear
interactions
between
distinct OR
gene
clusters
were not a
peculiarity
of the
foetal brain
tissue
annlysed. It
is tempting
to speculate
that such
spatial
contacts
facilitate
the
communicatio
n tetween
the many OR
ewes
required to
ensure that
only a
single
allele is
transcribed
per
olfactory
neuron
(Shykind, B.
(2005) 



to Hum Mal
Ceara 14
Spec No I,
Rill-9. gag
Nuclear
organisation
of active
and inactive
chromatin
domains 15
The
observations
described
herein
demonstrate
That not
only active,
but also
inactive
genomic
regions form
distinct
regions in
the nuclear
space that
involve many
luna- r/mac
contacts.,
strongly
suggesting
that each
DNA segment
has its own
preferred
set of
interactions
. Our data
suggest that
when the
p-globiu
locus is
switched on,
it leaves to
a
transcriptio
nal silent
genomie
environment
and enters a
nuclear area
where
intcrannons
with active
domains are
favotired.
It is
anticipated
that such a
dramatic
mpociganing
upon
transcriptio
nal
activation
may well he
a hallmark
only of
tissue-
specific
nines that
reach a
certain
expression
level and,
more
importantly,
lie isolated
Units other
active genes
on the liner
chromosome
template, as
is the ease
for
di-globin.
25 It is
proposed
that the
extensive
network of
long-range
interactions
that are
identified
both between
inactive and
between
active
genomic
loci,
reflects
cell-to-cell
differences
in
c.hromosome
conformation
s more than
being a
consequence
of dynamic
movements 



during
interphase
(Chalcalova
ri al.
(2005) Nat
Rev Genet 6,
669-77
(2005).
Prestunahly,
different
degrees of
de-rendensat
ion after
cell
division
drive the
active 30
genomic
regions away
front
inactive
chromatin
(Gilicrt, N.
et a).
(2004) Cell
11%, 555-66
(2004)) and
contacts
between
distant
loci-of
similar
chromatin
composition
are
stabilised
mostly
through
affinities
between
chmmatimboun
d Bromine.
Spatial  WO
20M1/01314D5
PCIU1B200810
006
juxtapositio
n betwmn
distant loci
may be
fmktional,
but may also
simply be
the
consequence
of the
unfolding
patterns of
a
chromosome.
While
individati
loci min
move within
a restricted
;sucker
volume, the
general
conformation
of a
chromosome
would
largely be
maintained
throughout
the cell
cycle and
requiting
cell
division for
5 resetting.
This idea is
ht agreement
with life
cell imaging
studies
showing
restricted
motion of
togged DNA
loci in the
nuclear
interior
(Chubb et
al. (2002)
Char Blot
12, 439-45
(2002)) and
fits well
with studies
showing that
minicar
chromatin
position
information
is
frequently
propagitisl
during Mc
cell
division
without
being
conserved in
the
population
of cells
(Essma, Jet
al. idol
Riot Cell
16, 769-75
(2005);
Garfish, D.
10at al.
Ceti I I 2,
751-64
(2003)).
Proofounprin
chae: tie
technology
accurately
detects
deletions in
asample
Ii(Figure
19) The
pattimix of
a deletion
present in a
leukaenna
patient as
revealed by
4C using a
target
nucleotide
sequence
that is
either ft 2
Mb (A) or at
1.3 Mb (B)
upstream (Do
the left')
from lite
first
breakpoint
Note that
deletions
cause a
reduction of
DNA 



20
interaction
signals at
the deleted
region, but
also muse an
increase in
DNADNA
intimation
licquencies
for
sequences
directly
downstream
Cat the
right') of
the last
breakpoint
This is
particularly
obvious when
interactions
with target
nucleotide
sequence B
are closely
examined
(see bottom
two
gnqilis).
Based on 4C
data minims
were
designed en
each side of
Me deleted
region and
breakpoint
was
identified
by 25
sequenciug:
plain text
is exquence
upstream of
deletion, in
bold
indicated is
an inserted
nucleotide,
underlined
is the
sequence
downstream
of the
deletiom
EXAMPLE 10
30
Proof-of:pri
nciple: 4C
technology
accurately
detects a
balanced
translocatia
n in a
patient
sample
(.Figure
25).  Proof
of principle
the the
detection of
balanced
trauslouatio
ns.
Detection of
1(1:7)
translocatio
n as
described in
(R. Burnett
et al.,
Blood, kit
84, No 4
(August 15),
1994: pp
1232-1236).
Target
nucleotide
sequence:
flank the
TCRb locus
on
chromosome
7, with the
rod signals
representing
DNA:DNA
interactions
with the
target
sequence
that is
located
upstream of
the TCRb
locus, and
the blue
signals
representing
DNA:DNA
interactions
with the
Nigel
sequence
that is
Located
downstream
of the TCRb
locus.
Depicted are
the
interacting
DNA signals
found on
chromosome
I. Top panel
shows the
theoretical
signal
distribution
. The middle
and lower
panel show
the actual
signal
distribution
. The bottom
panel shows
signals at a
10
resolution
of
individual
probes
juxtaposed
toiler
chromosome
template.
Note that in
case of
a-balanced
translocatio
n target
nucleotide
sequences
flanking the
breakpoint
will show a
mutually
exclusive
set of
inteschromos
omal DNA
interaction
signals that
directly
border each
other on the
linear
chromosome
template of
use
translocatin
g perinea
chromosome.
Position of
sequenced
breakpoint
(described
is Burnett
at al., It
1994) is
indicated by
an arrow at
the bottom
panel.
EXAMPLE IL
Proof-of-pri
nciple: 4(7
technology
accurate!),
detects on
unbalanced
nanslocation
in a go
patient
sanwle Ogre
27).
Detection of
unbalanced
translocatio
ns.
Detection of
64,7)
translocatio
n an
descdbed in
(Rd (labored
at al., Aro
I Med Genet
A. 2003 Aug
30;
121(2):168-7
3). Target
nucleotide
sequences
locate to
chromosome
7; the
depicted
interacting
DNA signals
25 are
located on
chromosome
4. Two
target
sequences
ware used
located
upstnsun
(5') and
downstream
(3') of the
breakpoint
on
chromosome
7.
Interacting
DNA sigmas
Imaged sal
chromosome 4
are
indicated
(for both
target
sequences in
blue). The
region 



in between
the clusters
of
interacting
DNA
fragments on
chromosome 4
has been
deleted in
this
patient.
Top: signals
lbr the
complete
chromosome
4. Bottom
panel 4C 30
data:
signals at a
11.5MB
region
around the
breakpoints
on chrumsome
4. Based on
These 4C
data, thc
Hindi))
rtrielion
fragment on
chromosome 4
containing
the
tram-ken-lio
n breakpoint
wets
identified
nod unrolls
map the
breakpoint
by
sequencing.
wo
200811X144(1
5PCT/1132008
/000625 The
sequence is
provided at
the bottom
of the
figure,
where
underlined
sequence is
from
chromosome
4, bold is
found both
on 7 and 4
and plain
sequester is
f-mm
chromosome?.
. 5 EXAMPLE
12 Repaid
high-resolut
ion
idennficeate
n of
balanced
Romanic
rearrangemen
ts by 4C
technology
Is Come*
techniques
no study
genetic
variation
fail, or do
not
accurately
identify
balanced
chromosomal
rearammanent
s
(inversions,
translocatio
us) that
frequently
mew in the
hamar
population
and ears
cause
disese. Here
we
demonstrate
that 4C
technology
detects
balanced
inversiom
and
translocatio
ns, as welt
as
unbalanced
is
*animations
and
deletion, at
a *solution
(-7
kilobases)
allowiog
immediate
sequencing
of the
breakpoints.
4C
technology
is used to
characterize
rearrangemen
ts
underlying
congenital
abnormalitie
s and
leukaemia.
The LA103
gene is
identified
at a novel
tranlocation
partner of
the T cell
receptor h
gene (7CRB)
in T cell
acute
lymphoblasti
c leukemia
T-ALL). Thee
resale
establish 4C
technology m
a powerful
215 new
clinical
research
tool for the
accurate
annlysis of
genera*
nendgements,
important
for
diagnosis of
dire.r,
prognosis
and.
ultimately;
optimal
patient care
betn 



Chromosomal
rearrangemen
ts
(deletions,
amplificatio
ns,
*versions,
...locations
) 25 can be
the cause of
diseme,
particularly
when they
affect gene
expression
due to gain
or loss of
genes,
creation of
finsion-gene
s, or
repositionin
g uf
transegadon
regulatory
DNA
elements.
Rearrangemen
ts arising
in the
germline cm
give rise to
congenital
defects,
those in
sumabe
tissue em
vsult in
neoplasia.
Following
the
completion
of the human
gmome
sequencing
projects, it
has now
beware a
major task
to
characterize
30
structural
variants in
the human
gemme, as it
is becoming
increasingly
clear that
genornic
diversity
occurs
naturally in
the human
population
and eon be
Haim' with
susceptibili
ty to
disease
(1-6).  WO
2008#84505PC
1
/1111008/000
625
Mimssasreybe
scoi
comparative
genomic
hybridizatio
n (array-CCM
is a widely
used
high-through
put genomics
approach
that can
detect
chromosomal
amplificatio
ns or
deletions at
a resolution
of a few
kilobases or
even less.
Cal relies
on the 5
measurement
of changes
in DNA copy
number such
as seen in
deletions or
amplificatio
ns and
therefore
fails to
identify
transtocatio
ns and
inversions
that occur
without loss
or gain of
DNA content.
It is
unlmovre how
frequently
mob balanced
arenas occur
but they arc
estimated to
constitute
up to 20% of
all
structural
variations
(7). At
present
their
detection
Largely
depends on
cylogenetie
approaches
such as 10
chromosomal
karyotyping,
which have
the
disadvantage
that they
miss Newts
(amnia_ 20%)
and provide
limited
resdlution
(maximum
5-10
mcgabases).
This
necessitates
bee,
analysis to
identify the
actual
genetic
aberration
underlying
the disease.
Here, we
demonsrede
that
Chromatin
Conformation
Capture on
Chip (40)
technology
(8)
identifies
both
balanced and
unbalanced
masonic
rearrangtand
ts at a is
resolution
r- 7 kh, see
below) that
allows
immediate
cloning and
sequencing
of the
chromosomal
breakpoints.
Importantly,
this
high-resolut
ion strati
requites the
use of a
single
microarray
to screen
the entire
genome and
therefore is
cost-effecti
ve. Our
initial
results with
40 showed
that no
moiler the
folding of
the
doornail)
and the 20
long-ranee
interactions
of a given
Incas, DNA
fragments
dose on the
linear
chromosome
template are
always
captured
most
efficiently,
resulting in
strong and
often even
saturated
hybridizatio
n signals
for proles
within as
region of at
least 5-10
megabases
surrounding
the target
sequence.
This is in
agreement
with the
idea that
the DNA
segments
located
closer on a
flexible
chromatin
fiber will
interact
more 25
frequently
(9). Load
fragments
are also
captured
much more
efficiently
than
segments
mesabases
away that
frequently
loop towards
the target
sequence
(5). Random
capering of
restriction
fragments is
rare, as
demonstrated
by the very
low
frequency of
signals from
probes
located on
unrelated
chromosomes.
Taus, 40
technology
allows
reconstructi
ng physical
maps of
dremosome
templates
around
target 30
sequences
and hence it
should arse
be capable
of
identifying
changes in
these maps
as the
result of
vitamin
neamorgernen
ts. 



Materials &
Methods
Sample
preparation
TALL paint
simples and
healthy
contra
Iscell
samples were
handled as
described
previously
(Vlierbergbe
it aL,
Leuhnnia 20,
1245 (Jul.
2006); Sir
suit at at.
Nat 5 Genet
a 1348 (Nov,
2006)). The
43Varansform
ed cell line
derived from
the PAP
patient was
cultured and
handled as
described
before
(Simonis
teat. Nat
Gene( 38,
1348 (Nov,
2006);
Graljaard
eta?., Am J
Med Genet A
121, 168
(Aug 30,
2003). 4C
array design
so The 60 bp
probes were
designed
within 100
bp from a
Hindlll
site, using
criteria
described
previously
that for
example
relent only
unique DNA
sequences
(Slinonis at
at, Nat
Genet 38,
1348 (Nov,
2006)). To
be this to
cover the
entire
gcaome with
the 400.000
probes That
fit on the
nhiblegen
microarray,
a selection
was made.
Probe
numbers were
first
reduced by
keeping only
one probe pa
Madill
fragment,
instead of
is one on
each side.
Secondly,
probes were
selected
such that
the spacing
of probes
was as equal
as possible
across the
genume. 4C7
analysis
4C analysis
was
performed as
described
previously
(2), using
20
sequences:
Suend of
TCRB
CATGAAGA
AACCACCACCC
Wl'ffiATGIl
ILTCCCtACG
31-end of
II101
TOTGACCCTCTT
CFCCTAGAC
CTCGTCCAGAAC
ACTCAGG 25
Centrommie
t(4,71AATGG.
AlierGCTACIT
OCAC-
ccurciA I
GCTATCMCCA
Telenet&
t(4,7)
TGITFCGAAGAC
CADCiTGAAG
TCTCGTGOAAA(
KMAGNG 



Deletion 9
GAATGCCAGATA
GAITCDTCATAC
AAATACITICCA
AGAGTGG - 30
AC 31 of
TC&I
GAATATMTTATC
CTTDATCC
ITCGATGAGAGA
AGTGTAG  4C
data 'sits
visualized
using
SignalMap
software_ To
create whole
chromosome
view
pictures of
the 4C data,
a nmuing
mean with a
window size
or 29 Probes
was
calculated
using the R
package
Mr/vrozwapgi
.
Restriction,
fragment-pai
red-entseque
ncing 10 pg
of se:iconic
DNA was
first
digested in
500 pt with
10 U of an
enzyme that
recognizes 6
bases
(Hindrll,
Bell or
EcoR1) (37 C
for 2
hours).
Samples were
purified by
phiccol-chlo
rofonn
extraction
and ethanol
precipitatio
n.
Subsequently
, to samples
were Ranted
in 2 ml with
4O 0 of
ligase
(Roche) for
4 hours at
16C and 30
minutes at
20 C.
Ligated
seraphs were
purified by
phenobehlomf
onn
extraction
and ethanol
precipitatio
n. I5 A
second
digestion
was
performed
with a
restriction
enzyme that
recognizes
4-bases
(e.g. NInIll
or 0001)
under the
same
conditions
OS described
for the
6-base
recognizing
enzyme.
Subsequent
ligation was
also as
described
above.
Samples were
purified by
phenol-chlor
ofonn
extrusdon
and ethanol
precipitatio
n. Selected
fragments 20
were ACR
amplified
from 50-100
ng of DNA,
using the
following
conditions:
94 0C for 3
minutes,
followed by
30 cycles of
15 seconds
at 94 C, I
minute at 55
C and 2
minutes at
72 C and one
final step
of 7 minutes
al 72 C.
Results 25 



Idenfihing
nanslocation
brsakpoinT,
To test
this, IC
technology
urns first
applied to
the IISB-2
T-ALL cell
line,
containing a
reciprocal
trausloption
;7)(p35:035)
between the
Tee?!
reTvtorP
(MAR) locus
on 7435 and
the LCK
locus on
1p35 (10).
Two
independent
4C
experiments
were 30
performed,
each
analyzing
interactions
with a
different
restriction
fragmerd on
chromosome 7
Located on
either side
of the
breakpoint
in the TCRB
locus and at
a  distance
of 462 kb
and 239 kb,
respectively
. In both
cases,
strong
bybridkation
signals
around the
TCRB locus
on
chromosome 7
were
observed in
a healthy
control
sample and
the IISB-2
sample. The
control
sample
showed no,
or
trickgreund,
signals on
all oder
chromosomes
(Fig 30.4:
fig. 33). In
contest, the
HSR-2 sample
showed 5
additional
very high
signals
specifically
acme a
megabase
region on
1p35 (Fig.
30B). These
signals
represented
reshictien
fragments on
chromosome I
captured by
the two
fragments on
chromosome 7
in HSB-2,
indicating
that pans of
these
chromosomes
were brought
in close
physical
proximity.
The most
teenier.
TCRB tercet
sequence on
chromosome 7
captured
restriction
fragments
towards the
cerriromerk
side of the
so LCK gene
on
chromosome
I.
Conversely,
the most
eentromeric
TCRB target
segue.
captured
fragments
towards the
teomedc side
of LCK. This
is in
agreement
with the .
orientation
of the t(1
;7)
translocario
n. Moreover,
the fast
restriction
fragmears
captured on
chromosome I
in both
experiments
directly
flank the
previously
identified
chromosomal
breakpoint.
Thee, 4C
locates
translocalio
n
breakpoints
to a
position in
Is between
the pair of
probes that
represents
the
transition
from
rion-capture
d to
captured
restriction
Moments. In
this case,
the two 4C
experiments
analyzing
interactions
with
chromosome 7
target
sequences
each
identify the
breakpoint
on
chromosome I
involved in
the balanced
t(1;7)
trrusiocatio
n within 27
kb. 20
Identifying
inversion,
Next, we
tested if 4C
can also
ideality
inversions.
We applied
4C
technology
to a.
pedrialic
T-ALL =dent
sample that,
based on
FISH and
remain-ay
expression
studies, was
suspected to
carry an
inversion on
chromosome
7;
inv(7)(p15q3
5). This
abnormality
leads to the
rearrangemen
t of tht
TCRB loose
into the
HOAA gone
cluster, 15
555 was
perevinusly
deathbed for
other
patients
(11. 12).
Again two
experiments
were
performed,
using the
same set of
IYARII
target
fragments
that
identified
the 1(1;7)
=relocation
described
above. The
two target
sequences
efficiently
captured
many
fragments
covering
megalmses of
DNA on the
other side
of
chromosome 7
aratrid the
HOXA seas in
the 4
patient
sample only
(Fig
30C-I)).
Moreover,
each target
sequence
captured a
distinct
chromosomal
region
around the
110XA gene
cluster,
indicating
that the two
fragments
are lioked
to different
parts of
ChrOMOSUMG
7. TM most
3' TUB
target
frigment
captured the
most 3' HOXA
fragments.
while the
mori  5'
73913 target
fragment
captured she
most 5' HOXA
fraornerds,
thus
revealing an
inversion
between the
loci. The
two captured
regfrons
arcrend
110X4
directly
flank each
other,
showing That
the
inversion
was balanced
and not
accompanied
by
(extensive)
loss of
11014
sequences.
The two
probes that
mark the
transition
between non-



o captured
and captured
fragments
revealed the
position of
the
breakpoint
which
located to a
6 kb region
isms the
HOXA9 gam of
the HOXA
chaster
(Fig. 30D).
Confirmation
That this
region
indeed
carries the
breakpoint
WIES'
obtained by
sequencing.
using a
restiction-f
ra_vnent-Pai
red-end
sequencing
approach
(fig. 34).
We therefore
conclude
that 4C
technology
is the first
high-through
put genomire
approach
that cm
detect 10
balanced
translocatio
ns and
inversions.
The
resolution
provided by,
40
technology
allows
immediate
cloning of
the
bre.akpoints
. 40
technology
is therefore
the fast
tech:lige
that can
detect
balanced
genetic
events at
such high
resolution.
Identificati
on of
zo0alanced
translocatio
ns at The
potential of
40
technology
was further
explored by
applying it
to an EST
transfemard
cell line
derived from
a patient
with
Fostaxial
Folydactyly
(PAP). PAP
is an
autosornal
dominant
heritable
disorder
characterize
d by extra
ulnae of
fibular
digits. The
patient
cells were
preMously
characterize
d by
loworaping
and FISH to
contain an
unbalanced
sandocation
between
chromosomes
4 and 7 with
a
mierodeletio
n, 2o re4;
7)(p15.7435)
. However,
the limited
rewire-lion
of FISH
precluded
dedMig the
ement of the
deletion and
the exact
positions of
the
breakpoints
(33). Two AC
experiments
wore
performed,
each
analyzing
DNA
interactions
NOM a target
fragment
located on
another side
of the
rearranged
part of
chromosome
7, one of
which being
4 naegabases
away from
the nearest
breakpoint
(see below).
In both
ex-periments
, 25 gunomk
the Is
repaired not
only on
chromosome?
bur also un
chromosome
4, at 4p15.2
(Fig. 31A;
fig,)5). In
contrast to
what was
found thr
the balanced
Panstccation
, the
chromosome 4
ftagments
restaged by
the two
target
sequences
did not
directly
neighbor
each ether.
One
breakpoint
was lorrand
at position
17.213 Mb
(NCBI 36)
and the
other was
foamd at
position
20.08Mb of
chromosome
4, showing
30 that the
tre;7)
remslocalion
was
accompanied
by a 2.8Mb
deletion
oreehromosom
e 4. To
verify that
the
tremsitions
from capbsed
to
non-eaptured
restriction
fragments
indeed mark
the
positions of
the
breakpoints,
the
breakpoint
Mat was
least
olookous
from the 4C
data,
located at
20.08 Mb,
was clonod
and
sequenced
(Fig 3100).
This penned
the position
of the
bretikpaint
on
chromosome 4
at 20.08 Mb
inside the
gene S1.172
and resealed
that it was
rearraneed
with an
intergenic
sequence on
chromosome 7
that was 4
Mb away from
the target
sequence
used to
identify the
breakpoint-
lhis 5 shows
that 4C
target
sequences
can capture
DNA
fragments
and identify
rearrangemen
ts even when
fre
breakpoints
are several
megabases
away. When
IC analysis
is directed
to both
sides of a
genomie
brealrpoint,
it can
immediately
identify
whether a
transfreatio
n or
inversion is
balanced or
is
accompanied
by
additional
rearrangemen
ts such as a
deletion
(Lx.
Imhalanced).
10
Identificati
on of
deletions We
nest
investigated
whether 4G
teebnoloey
can identify
a deletion
Mai is not
associated
with a
traaslocatiu
m For this,
we analyzed
another
pcdriatric
T-ALL
patient
sample that,
based upon
array-CGII
data,
contained a
homozygous
deletion of 



Is the
p/5/p761oril
on 5
chromosome
9p21, The
exact size
of the
deletion and
Use actual
breakpoints
were not
known. We
defined a
target
fragment
located Mb
sway from
one of the
estimated
breakpoints.
As expected,
a region
lacking
probe
signals was
observed,
demarcating
the deleted
area (Fig
MC). An
increase in
hybridizatio
n signals
for the wean
immediately
downstream
of the
deletion is
observed in
the patient
70 temple
versus the
healthy
control
sample This
is because
the regirm
is in closer
proximity on
the linear
template to
the target
fragment due
to the
deletion.
Based on the
4C data, PCR
primers
flanking the
-2Mb deleted
region were
designed
that allowed
amplificatio
n across the
breakpoints;
sequencing
of the PCR
pruducts
confirmed
the
positions of
the two
breakpoints
flanking the
deletion
(Fig. 310).
We 25
conclude
that 4C
technology
can identify
homozygous
deletions.
Deletions
reveal
themselves
as regions
containing
reduced
hybridizatio
n sismals in
combination
with more
downstream
sequences
that show
increased
hybridizatio
n signals.
Uncharacteri
zed pullout
samples so
4C
technology
was applied
to the
screening of
turharacleri
zed1.-All,
patient
samples for
genetic
poem:Easemen
ts
associated
with the
TORB locus
or the
T-cell
Receptor a
(TC12.4)
locus. In
II-ALL,
chromoisunal
translocatio
ns
frequently
occur dieing
attempted
Val
recombinatio
n of the TO?
loci.
Samples from
five T-ALL
patients,
Mitch were
previously
shown not to
cry any of
the
recurrent
genetic
abnorOics
associated
with T-Ai
.1, (data
not shown),
were analand
by 4C
technology,
using Latent
sequence
near TCRB
and one near
TCRA. None
of the
samples
shred 5
rearamgement
s with the
TCR4 locus
(data not
shown), and
four out of
five patient
samples also
showed no
rearragement
with TCRB
(fig. 36),
which was
subsequently
confirmed by
FMB. One
patient
sample
however,
showed a
translocatio
n bower TCRB
and the p
arm of
cluomosome
12 (Fig.
32A; fig.
31). In
addition,
the patient
was found to
cry a large
deledon on
chromosome
12, which
waxconfirmed
by an iro-
n) arrayCCH
experent
(data not
shown). This
deletion is
rated -3 na
away from
the 



tranalumirm
breakpoint,
again
showing that
4(1. target
sequences
can ids:try
rearrangemen
ts over
large
distances.
The
tramslocatio
n t(7;12)(
q35062.3)
has not been
described
before in
If-ALL. The
two probes
on throatier
12 that mark
the
transition
betwean
captured and
non-captured
reshiction
fragments.
were 6 kb
apart 1.5
and loceamt
just
downstream
of the
Lim-domainon
ly gene
LA403.
Restriction-
fragment-pai
red-end-sequ
encing Was
used to
confirm that
these probes
demarcate
the region
containing
the
breakpoint
Sequencing
of the
bwakpaints
prevent on
both
derivative
chromoromes
demonstrated
that
chromosome
12 was
rearranged
without the
loss of
azingle
nucleotide,
while the
break in
chromosome?
was
amumpanied
by 20 a
deletion of
almost 400
kb or TC7RR
sequences
(Fig. 32B).
This
deletion was
possibly due
to deletion
ever
associated
with
attempted
VD)
recombinatio
n of the
TCRB locus.
Both
breakpoints
also
contained
intervening
basepairs of
unknown
origin (4
and 18 bp,
respectively
), which may
represent
the random
nucleotides
That are
normally
also
incorporated
during Val
recombinatio
n.
Interestingl
y, the
tremaluratio
n positions
25 the
enhancer of
TCRB 70 kb
downream of
the LIA10.3
gene (Fig.
32C), which
is
comparable
to its
normal
position
relative to
TCRB.
Micrommy
expression
data 



Mewed that
while LM03
is normally
off in If-At
J. patient
samples, the
gene is
highly
expressed in
this If-ALL
sample (Fig.
37). The
protein
family
members
LMO-1 and
1.440.2, but
not LM03,
have
previously
been found
as erogenic
hanslocation
30 partners
of the TCR
kri in
1-ALL.
Interestbagl
y, LA103 was
recently
found to act
as an armor
in
neuroblastor
na (14).
Thus, 4C
technology
applied to
the
screening of
uncharacteri
zed patient
samples for
aerie
aberrations
led to the
discovery of
a
previously
undetected
translocatio
n and
established
010-3 as a
putative new
4-cell
oneogene.
Cureiluses 5
These data
establish 4C
technology
as the first
genomics
approach
that can
identify
balanced
genetic
abncronaliti
es such as
reciprocal
traollocatio
ns and
inversions.
In addition,
it is tar
that 4C.
technology
can identify
homozygous
deter:low
and
deletions
associated
with
translocatio
ns. 4C
technology
may also
identify
heterozygous
Imbidanced
events based
on changes
in captured
DNA copy
numbers. A
to =oar
advantage of
4C
technology
over
paired-end
sequencing
ciPlimnichei
(15) even
whole genome
(high
throughput)
sequencing
is that the
identificati
on of
balanced
rearrangemen
ts does not
rely on
capturing
the single
sequence
fragment
that carries
the
brcakpoirth
instead, 4C
technology
identifies
balanced
rearrangemen
ts based on
the capture
of many
fragments
covering
several
megabases
across the
breakpoint.
For is
example,
reciprocal
translocatio
ns are
identified
based on the
capture of
many
fragments
loeatine on
one part of
a chromosome
by a target
sequence
located on
another
chromosome.
This makes
De
technology
more robust
than other
approaches.
The
resolution
of 4C
technology
is high and
allows the
immediate
clonine and
sequenciug
of the
genetic
breakpoints,
as was
demonstrated
for four
different 20
rzwrangcment
s. Even
breakpoints
located
several
megahwes
away from
the target
sequence can
easily be
identified.
The
resolution
is
essentially
identical to
the average
size of the
fragments
created by
the
refrhelion
enzyme.
Using an
enzyme that
creates
smaller
fragments
should even
further
increase the
resolution
of this
technique.
4C
technology
eau be
applied to
all sorts of
cull types
such ns
blood cancer
cells, solid
25 tumors,
emelt-icy-Ds
collected
for prenatal
diagnosis.
etc., as
long as
sufficient
cells can be
isolated (or
cultured)
containing
intact DNA.
We cumuli),
start with
about 10
million
cells, but
this amount
can be
reduced, as
we hybridize
PCR
amplified
ligation
junctions
originating
from -0.5
million
gra0n,
equivalents.
Curran 4C
technology
requires
selection of
a target
sequence and
is therefore
particularly
Suited for
the 311
screening
for
rearrangemen
ts near loci
frequently
involved in
a di  such
as the I'
cell
receptor
genes in
T-ALL or the
Ticell
receptor
(BCE)heavy
and light
chain loci
in human
lymphomas.
The
technique is
also very
useful for
the
fine-mapping
of poorly
112 



NA111
200810/51411
,PC1/111Of
characterize
d
merrangement
4 for
example of
translocatio
ns or
inversions
that were
found based
on
chromosomal
karyotypiag.
EXAMPLE 13 5
Multiplex
4G-Sequencin
g .Emental
destgn This
example is
hard on one
of several
high
throughput
sequencing
technologies
50
(Solegra),
but may be
modified to
fit other
platforms.
In order to
use Solon
011ornined
sequencing
for the
analysis of
4C results,
sequencing
is directol
to the
ligation
junctions.
Therefore,
inverse PCR
primers were
desigued for
each target
sequence
such that
they are
close to The
primary and
secondary
restricting
enzyme
recognition
sites
analysed.
Here, we
designed
short
inverse PCR
primers
(18-mers)
that each 14
overlap
partially or
completely
with the
primary
(Ilind111)
and
secondary
(Opal')
restriction
enzyme
recognition
sites
analysed.
The Soirees
adapter and
sequenceprim
idg
sews:ceps
were added
ass'
overhangs to
the inverse
PCH primers
(fig. 31),
Three target
sequences
(baits) were
selected on
human
chromosome
7,
respectively
at 70
position 85,
105 and 139
Mh the rimer
sets used to
amplify the
fingments
captured by
each of
these baits
are as
follows: 85
Mb'
flpal-primer
:
atgtgartecte
tagatc 25
Opal-primer
with
adapter:
aatgalacggeg
amatregaarac
tettteccraca
cgacgctettec
getriatgigno
teryetagate
HOAR-primer:
ccetgauccten
gsagct
frirallIT-pr
imer with
adapter:
catageagnaga
rggeatacgatr
xergineetett
eaaget 30
105 Mb: 



0prd:1-prime
r:
eggentecaatt
grgatc
Dpnll-primer
with
adapter:
aatgaracpicg
accaixgaacte
tritit0e0tac
acgaegetchcc
gatat998wRia
adthmtc
IfindlII-pri
mer:
mattgetinggt
aagcn
15071-primer
with
adapter:
caagragaagae
ggeatacga-ga
attgctUtogta
agat 139 Mb:
Durdl-primer
:
Uttagecetgic
agatc
Dp41-primer
with adapur:
aatgataeggeg
accaccgaacac
tallecctat-w
pasgetcticcg
act-tmagecel
gaeagate to
HindBl-prime
n
aglwaacataag
eetaagc
EBadifi-prim
ee with
adapters:
camcagaagacm
icatacgtvagi
naaacatamcct
aagc Each
primer set
(with
adaptors)
was used in
a separate
Pelt
naction, 3
VCR
reactions
(using 200
ng of
template per
reaction)
were
performed
under
standard
conditions
Is
(described
in SiniOniS
real, Nature
Methods
2007, void.
895-901). 4C
template was
prepared
from the
HSB-2 T-ALL
cell lines
containing a
reciprocal
translocatio
n
t(1:7)(p35:4
35) between
tic T cell
receptor-bet
a (rats)
locus on
7q35 and the
LCK locus on
1p3d
(Burnett, R.
C., at al.,
Blood 84,
1232-6
(1994)). KR
products are
shawl in
Figure 39.
20
Subsequently
, the PCR
reactions
were pooled
per primer
set and
purified
over
Amersham
dean up
columns. The
DNA
concentratio
n was
measured and
equal
amounts
ofmaterial
mnplined by
each primer
set were
mixed_ This
mix was
analysed by
Solexa
sequencinix
25
,Solextesult
s 



Total
n.umber of
reads (one
lane): 1.9
*106
sequence,
93% of the
9equences
start with
one of the
expected
pimer
s.equirrees.
10When
analysing
the first 12
basepairs
(bp) across
lire
131,1110
ligation
junction and
comparing
these 12
basepairs to
a local
database
containing
all 1.2 bp
generate
fragments
that flank
the relevant
Drain sires
in the
genome (to.
those
directly
adjacent  WO
2008/084405P
CT/1B2008/00
0625 to a
HindlI1 she)
we find that
37% contain
unique 12bp
catch,
34rain um-
=ague 12.1:9
catch, and
7934 contain
no expected
12 bp catch.
Of all 4.9
4106
sequences:
34%
contained
Omer +
unique
catch, 32%
unstained 1
primer +
nonmique-cat
ch. In total
therefore
66%
contained an
mpected
first 30 bp
Per Per
primer set
the total
number of
sequences
and the
satire of
these
sequences
arc as
follows: II
Primer set)
(85
Mb):Prima-60
0 2.23 .1
I26 8.59
to'0:94
910'6-78
910' 



12159174
non-not
uniqueeapect
ect
catchcatchsa
tch
nata)(31%)(3
051) IS 4.3
91051.9 .10"
differentdif
ferent
cadetscatche
s 15 Primer
set 2 (105.
Mb) 20 3,40
910'149
10'3.35 910'
126912bp
noen 1269
non-
unique&ogeee
xpected
catcheachcat
ch ,
(28,')(45%)(
29%) 



25 II al
tarI I eut
Slinertdanne
enl
Fallenaneire
s 30
Primarset 3
(139 Mb):
Primers:
351.07 9 CO
4.73
11053.79
tt5;2.115
*10'
12691219
nal- 125p
non-
uniqueMilt.C
.P.d.
catchsoOthca
tch
(44%)(29%)(2
9%) 452.7
-re.104
differentdif
fault 



Aches!matche
s  When
matured
sequences
ate plotted
at their
chromosomal
positions,
the data are
shown M
Figures 40
and 41. 5 In
summery, the
data provide
a
pmaf-of-prin
cipie for
muhipleit-4C
sequencing.
For each
sequence,
the bait and
the captured
sequence can
be
identified
The
technique
may be
further
improved:
1.
Sequencing
may be
belles
directed to
the Ilindlli
side
(mislead of
the Dp211
10side);
this
prevents
reading
random
ligation
evems that
occurred
during the '
second
ligation
stop. 2.
Using less
frequent
cutters (7-
or 8-cutters
instead of
6-culters)
would
increase the
genoraic
distance
captured
(covered) by
each bait.
3. Using a
=Ade-lion
corm' e that
does not
digtro
repetitive
DOA (or is
relatively
ISunder-repr
esented in
repetitive
DNA) would
rocrease the
number of
interpretabl
e reads.
Flifad.5.]=1
I. A method
for
analysing
the
frequency of
interaction
of a target
nucleotide
sequence
with one or
more
nucleotide
sequemses
(en. one or
more
generale
lath)
comprising
the 5 use of
a nucleotide
sequence or
an array of
probes or a
set of pmhes
Or an array
as described
herein_  1 A
method for
identi.fying
one or more
DNA-DNA
interactions
that arc
indiudive of
particular
disease
stale or
carries
shams
corapdsh4
the use of a
rmeleraide
sequence 10
or an array
of probes or
a sot of
probes or an
army as
described
herein. 3. A
method of
diagnosis or
prognosis of
a disease or
syndrome or
carrier
status 



caused lay
or
associated
with a
change in a
DNA-DNA
comprising
the use of a
nucleotide
sequence or
an array of
probes or a
set of
probes or as
ray as
described II
herein 4_ An
assay method
for
identify'
ing one or
more agents
Mat modulate
a DNA-DNA
interaction
comprising
the use of a
nudeodde
sequence or
an sway of
probes or a
set of
probes or an
away as
described
hernia. 20
S. A method
for
detecting
the location
of a
breakpoint
(eat a
trauslocatio
n)
comprising
the use of a
nucleotide
sequence or
an array of
probes or a
set of
probes or an
smaY a5
described
herein. 25
6-A method
for
detecting
the location
of an
inyemion
comprising
die use of a
nucleotide
sequence or
an array of
probes m a
set of
probes or an
array as
described
berth.
7. A method
for
detecting
the Iraklion
of a
deletion
comprisiog
dm use of a
nucleotide
RI sequence
or an array
of probes or
0 set of
probes or an
array as
described
herein.  5.
A method for
detecting
the location
of a
duplication
comprising
the use of a
nucleotide
sequbnce or
an array of
probes or a
set of
probes or an
array as
described
herein. s -
9. A method
for
amilysing Me
frequency of
interaction
of a target
nucleotide
sequence
with one or
muse
nucleotide
sequencer of
interest
(eg. one or
more genomic
loci)
comprising
the steps on
(a)
providing a
sample of
tuuss-lin
Iced DNA;
(b)
digesting
the
cross-link..
.NI DNA with
a primary
restriction
eivym In
(e)ligating
the
caohn-lioned
nucleotide
sequences;
(d)
reversing
the cross
finking; (5)
optionally
digesting
the
nucleotide
sequences
with a
secondary
restriction
enzyme; 



(f)
optionally
ligation the
nualeotide
sequences;
(g)
amplifying
the one or
limsu
nucleotide
sequences of
interest
that are
ligated to
the 15
target
nucleotide
sequence
using at
least two
oligumiclent
ide primers,
wherein each
primer
hybridises
to a known
DNA sequence
that flanks
the
nucleotide
sequences
of.
interest;
hybridising
the
amplified
sequence(s)
so an array
or
sequencing
the
amplified
sequences;
and 20 (i)
deter-minion
the
frequency of
interaction
between the
DNA
sequences.
FURTHERaS
Still
further
aspects of
the pet
forth betee
numberol 25
Paragraphs.
5. A
circularised
nucleofide
sequence
comprising a
first and a
seining
nucleotide
sequence.
As:crated by
primary
restriction
enzyme
recognition
kes, wherein
said rust
nucleotide
sequence is
a target
mrcleotide
sequence and
said second
nucleotide
30 sequence
is
obtainable
by
cross-linkin
g genomic
DNA.   2.
The
circularised
muleotide
sequence
according to
paragraph]
wherein the
target
nucleotide
sequence is
selected
from the
tuouP
consisting
of a
promoter, an
enhancer; a
silencer, an
insulator, a
matrix
atmeliment
region, a
locus
control
reMun, a
transcriptim
i unit, an
origin of
replication,
a
recombinatio
n hotspot, a
translneatio
n 5
brealemint a
centromere,
a femme, a
gene-dense
region, a
gene-poor
region, a
repetitive
element and
a (viral)
integration
site.  3.
The
circularised
nucleotide
sequence
according to
paragraph 1,
wherein the
target
nucleotide
sequin= is a
nucleotide
sequence
that is
associaled
with or
causes a 



to disease
aria
locatedthen
I5Mb on a
linear DNA
template
from a locus
that is
associated
with or
causes a
disease.  4.
The
circularised
nucisotide
sequence
according to
any of
paragraphs
1-3, wherein
the target
naelettlide
sequence is
selected
from the
group
consisting
of: MEd,
MIL, 15 MYC,
BCL, BCR,
ABLI, K,
LYL1, TALI,
TAL2, Lif02,
TCRaq, TOM
and MIX or
other Loci
associated
with disease
as described
in
'Catalogue
of
Unbalanced
Chromosome
Aberrations
in Man" 2nd
edition
Albot
Scbinzel
Berlin:
Walter de
Gmyter,
2001. ISBN
3-11-011607-
3. 20 5. The
circularised
nucleotide
sequence
according to
any of
paragraphs
1-4 wherein
line primary
restriction
enzyme
recognition
site is a
6-8 bp
recognition
site,
preferably
selected
from the
group
consiting of
Bell, Hindi]
I, Aeolli,
Bamlll, Spd,
Pall and
NdeL 25 6.
The
circularised
Luteleetide
sequence
according to
any of the
preceding
paragraphs,
wherein the
secondny
restriction
enzyme
recognition
site is a 4
or 5 bp
nucleotide
sequence
recognition
site    7.
The
circularised
nucleotide
sequence
according to
any of the
Preceding
Paragraphs,
30 whenro
the
secondary
restriction
enzyme
recognition
site is
located at
greater than
aborts 350bp
from the
primary
restriction
site.  I.
The
Deculatised
rumleofide
sequence
according to
any of the
preceding
paragraphs,
wherein the
nucleotide
sequence is
Labelled.
9. A method
for
preparing a
circularised
nucleotide
sequence
comprising
the steps on
(a)
providing a
sample of
cross-linked
DNA, (h)
digesting
the
cross-linked
DNA with a
primary
restriction
erocyme; (c)
limiting the
cmsAlinked
nucleotide
sequences
for
circuhuisati
on;  10. A
method
according
I1)
paragraph 9,
wherein the
cross-titled
nucleotide
sequence is
amplified
using PCS,
15 11. A
method
according to
paragraph
10, wherein
the
cross-Linked
asucteocido
sequence in
amplified
using
inverse PCR.
12. A method
according to
paragraph 10
or paragraph
11, wherein
the Expand
Long
Template PER
System
(Roche) is
used 20 
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Various
modification
s and
variations
of the
described
methods and
system of
the
invention
will be
apparent to
those
skilled in
die art.
Although the
invention
leas been
described in
connection
with
specific
preferred
embodiments,
it should be
understood
that he
invention as
claimed
should not
be unduly
limited to
the
embrxiiments
of the 5
examples.
Indeed,
various
modification
s of the
&scribed
modes for
eanying out
the
DU Willa ore
obvious to
those
skilled in
molecular
biology or
related
fields are
intended
Lobe within
the scope of
the
following
crArms I.A
method for
analysing
the
frequency of
intraction
of two or
more target
nucleotide
sequences
with one or
more
nucleotide
sequences of
interest (eg
one or more
genomic
loci)
comprising
the steps
oil (a)
providing a
sample of
cross-linked
DNA; (1)
digesting
the
cross-linked
DNA with
aprimary
restrictionm
e; (a)
liwating lie
cross-linked
nucleotide
sequences;
(d)
reversing
the cross
linking; 



(e)
optionally
digesting
the
nucleotide
sequences
with a
secondary
restriction
enzyme; (I)
optionally
ligating one
or mow DNA
Nquences of
known
nucleotide
composition
to the
available
secondary
restriction
enzyme
digestion
site(s) that
flank the
one or more
nucleotide
sequences of
interest;
(g)
amplifying
the one or
mow
nNleotidc
sequences of
interest
using at INN
Iwo
olignnucleot
ide primers,
wherein each
primer
hybridises
to the 1)4A
sequences
that flank
the
nucleotide
sequNices of
interest
using
multiplex
PCR;  (h)
hybridising
the
amplified
sequence(s)
to an army
and
analyzing
the ligation
produms
between
target
seciumiNs
and
erusa-linkec
l sequences
of
illtereNInte
rns of
sequencing
leg.
high-through
put
sequencing);
and ti)
determining
the
frequency of
interaction
ben the DNA
sequences.
2.The method
according to
eNun I.
whereto the
ligation
1,-1,110n
irs oropor
results in
the foriNnon
of l)N A
circles.
3. The
method
according to
any of the
preirding
claims for
analysing
the
frequency of
interaction
of two or
more target
nucleotide
sequences
with one or
more
nucleotide
sequences of
interest_
comprising
the pooling
of some or
all of he
PCR products
obtained for
each of the
target
sequences in
step (g) and
subsequent
simultaimom
analysis of
their DNA
interactions
.  4. The
method
according to
claim 3,
wherein the
PX0 or more
amplified
sequences
differential
ly labelled
prior to
pooling and
analysis by
hybridisatio
n to an
army.  5.
The method
according to
claim 3 or
claim 4,
wherein the
two or more
amplified
sequences
are
idendeahy
labelled and
analysed by
hybridisatio
n to an
array when
the
sequences
reside on
different
chromosomes.
6. The
method
according to
claim I.
wherein the
two or more
amplified
sequences
are
identically
labelled
when the
sequences
reside on
the same
chromosome
at a
distance
that is far
enough for
minimal
overlap
between
DNA-DNA
interaction
signals.  7.
The method.
according to
any of the
preceding
claims,
wherein itch
throughput
sequencing
is used to
analyse she
ligation
junctions
formed
between
target
sequences
and captured
sequences of
interest.
8. The
method
according to
claim 7,
wherein
sequencing
is directed
to the
ligation
functions
formed
between
target scif
toilets and
captured
sermenuee of
'stereo by
the  



addition of
adapter
sequences
required for
sequerucill
g to theof
the
amplified
sequences.
9. The
method
according to
claim 8,
wherein
sequencing
is directed
to the
ligation
junctions
formed
between
taraet
SCGUCIICOS
and captured
sequences of
interest by
the addition
of the
complete, or
part of the,
ndaprer
sequences
required for
sequencing
as
Wexeriaangs
to the
oligonucleot
ide pdniers
used to
amplify the
one or more
nucleotide
sequences of
inkatuu
10. The
method
according to
claim 8,
wherein
sequencing
is directed
to the
ligation
Maictions
fonned
between
target
sequences
and ca
tiered
sequences of
interest by
the
conjugation
of a biotin
substance or
other moiety
to the
oligunuenoli
de primers
used ro
amplify the
one or more
nucleotide
sequences of
bitterest.
followed by
stop,
tividin or
(Wilcock
mediated
purilication
of the OCR
amplified
material.
11. The
method
according to
am of claims
710 10,
wherein
sequencing
is directed
Si the
ligation
junctions
between
target
sequences
and captured
sequences of
interest by
designing
the
oliguntielcm
ide primers
used to
amplify the
one or mon;
nucleotide
sequences of
interest
within 400,
300, 200,
150, 100,
90, 80
70,60, 50,
411, 30, 20,
10, 9. 8, 7,
6, 5, 4, 3,
2, 1
nucleotides
thorn the
primary
andlor
secondary
restriction
enzyme
recognition
site(s)
analysed.
12. Ric
inclhod
according to
any of
claims 7 to
10, wherein
sequencing
is directed
to the
ligation
junctions
between
target
seq.-noes
and captured
sequences of
interest by
designing
the
oligonutient
ine primers
used to
amplify the
one or more
nucleotide
sequences of
interest
such that
they
partially or
completely
overlap with
die primary
sod/or
secondary
restriction
enzyme
recognition
site
sumlysed,
13. The
method
according by
any of
claims 7 to
12, wherein
sequences
are read
across We
ligation
junction
such that
when
multiplexed
ur pooled
FOR samples
are
analysed,
sonnient
sequence
information
leg. 12
nucleotides
or morel is
obtained on
either side
of the
ligation
junction to
unambiguousl
y identify
each target
sequence and
each
captured
sequence of
interest.
14. The
method
according to
any of Else
preceding
claims,
wherein the
lArger
nucleotide
sequence is
selected num
the getup
consisting
of a
genontic
rearrangemen
t, promoter,
an enhammr;
a silencer,
an
insulator, a
matrix
attachment
region, a
locus
control
region, a
transeriptio
inch, an
origin of
replication,
a
recombinatio
n hotspot, a
translocatio
n
brealcpoint,
a
centromere,
a telomere,
a gene-dense
region, a
gene-pun
region, a
repetitive
element and
a (viral)
integration
site.   15.
Thur method
according to
any of the
preceding
claims,
wherein the
target
nucleotide
sequence is
a micleotide
sequence
that is
associated
with or
causes a
disease, or
is located
up tone-
greater than
I 5Mb on a
linear DNA
template
from a locus
that is
associated
with or
causes a
disease. 



16. The
method
auemiling to
any of the
preceding
clam, a,
wherein the
tamer
nucleotide
sequence is
aeltmied
from the
group
consisting
of MALT MEL,
WC, BCL,
8CR, ABLI,
IL/H, LAU,
TALL TAL2,
L4101,
TCR81), TCRP
and //OX or
other loci
associated
with
disease.
17_A method
for
identifying
one or more
DNA-DNA
interactions
Mat are
indicative
of a
particular
disease Mate
comprising
the Step or
performing
steps
(a)-(1) of
claims 1-16,
wherein in
step (a) a
sample of
cross-linked
DNA is
provided
from a
diseased and
a
non-diseased
cell, and
wherein a
difference
between the
frequency of
inteinction
between the
DNA sequmees
from the
diseased and
non-diseased
cells
indicates a
(Enhance in
the linear
organisation
of the
chromosome
templates
(sg. a
salami
rearrangemen
t). which is
indicative
of a
particular
trait or
disease
slate. II.A
method of
diagnosis or
pregrasis or
a disease or
syndrome
caused by Cr
associated
with a
change in a
DNA-DNA
interaction
canprising
the step of
performing
steps
(a)-(i) any
of claims
1-16,
wherein step
(a)
comprises
providing a
simple or
cross-linked
DNA frost a
subject; and
wherein step
(I)
comprises
comparing
the
frequency of
interaction
between the
DNA
sequences
will that of
an
unaffected
control;
wherein a
difference
between the
value
obtained
from the
control and
the value
obtained
from the
SUbjeLl is
indicative
Mat the
subject is
suffering
from the
disease or
syndrome
aria
indicative
that the
subject will
suffer from
the disease
or syndrome.
19.A method
according to
any
preceding
clam, for
the
detection of
a balanced
and/or
unbalanced
rearrangemen
i,trauslocat
ion,inversio
n,
deletion,dup
lication or
insertion 












